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P A R T I 
STUDIES IN CYCLOADDITION REACTIONS 
C y c l o a d d i t i o n r e a c t i o n s a r e of g r e a t u s e f u l n e s s 
f o r t h e s y n t h e s i s of i n t e r e s t i n g r i n g s y s t e m s . The 
m e c h a n i s t i c s t u d i e s of t h e s e r e a c t i o n s a r e n e c e s s a r y 
t o d e t e r m i n e w h e t h e r t h e r i n g compounds a r e formed 
i n a c o n c e r t e d o r a s t e p w i s e manner* w h e t h e r t h e y a r e 
a p r i m a r y c y c l o a d d u c t o r t h e p r o d u c t of c y c l i c 
r e a r r a n g e m e n t . The work embodied i n t h e f i r s t p a r t 
of t h e t h e s i s d e s c r i b e s t h e s t u d y of some c y c l o a d d i -
t i o n r e a c t i o n s l e a d i n g t o t h e f o r m a t i o n of c y c l ( 3 , 3 , 2 )-
a z i n e s and r e l a t e d r i n g compounds . 
A s t u d y of t h e r e a c t i o n of- 2 - p h e n y l p y r r o c o l i n e 
and d i m e t h y l a c e t y l e n e d i c a r b o x y l a t e (DMA), r e p o r t e d 
e a r l j a : from t h i s l a b o r a t o r y , s u g g e s t e d t h e p o s s i b i l i t y 
t h a t t h i s r e a c t i o n m i g h t p r o c e e d v i a a s t e p w i s e i o n i c 
p a t h , r a t h e r t h a n as a c o n c e r t e d p r o c e s s . Fo r a 
s t u d y of t h e mechanism of t h i s r e a c t i o n , i t a p p e a r e d 
of i n t e r e s t t o c a r r y o u t t h e r e a c t i o n u n d e r d i f f e r e n t 
e x p e r i m e n t a l c o n d i t i o n s and a l s o t o i n v e s t i g a t e t h e 
r e a c t i o n of o t h e r p y r r o c o l i n e s such a s 2 - m e t h y l - , 
1 - m e t h y 1 - 2 - p h e n y l - and 2 - p h e n y l - 3 - m e t h y l p y r r o c o l i n e s 
w i t h d i p o l a r o p h i l e s l i k e d i m e t h y l a c e t y l e n e d i c a r b o x y -
l a t e (DMA), d i e t h y l a z o d i c a r b o x y l a t e , b e n z o y l i s o -
thiocyanate and ethyl p r ^ p i o l a t e . 
The react ion of 2-phenylpyrrocoline and DMA 
was f i r s t carr ied out/ in the presence as well as 
in the absence of 5% Pd-C and the r a t i o of 1./ the 
cycloadduct, and 2, the ene-adduct was determined 
t o find out i f Pd-C is- necessary f o r the formation 
of cyclaz ine . I t was found t h a t the cycloadduct 1 
r r - ^ , 
Me02C 
M e 0 2 C ^ Ph 7 \ p ^ 
1 
was formed even i n t h e a b s e n c e of t h e c a t a l y s t , 
t h o u g h i n l o w e r y i e l d . The g r e a t e r y i e l d of 1 i n 
p r e s e n c e of Pd-C i s v e r y l i k e l y due t o t h e a b i l i t y 
of t h e c a t a l y s t t o s t a b i l i z e t h e i n i t i a l l y formed 
c y c l i c i n t e r m e d i a t e t h r o u g h d e h y d r o g e n a t i o n . The 
f o r m a t i o n of 1 i n t h e a b s e n c e of t h e c a t a l y s t v e r y 
l i k e l y o c c u r s t h r o u g h d i s p r o p o r t i o n a t i o n . 
The e f f e c t of s o l v e n t on t h e c o u r s e of t h e 
r e a c t i o n was n e x t s t u d i e d . I n n i t r o m e t h a n e t h e 
y i e l d of t h e c y c l o a d d u c t 1 i n c r e a s e d and t h a t of t h e 
e n e - a d d u c t 2 d e c r e a s e d , w h e r e a s i n m e t h a n o l , t h e 
r e v e r s e was found t o h a p p e n , i n t o l u e n e 1 and 2 w e r e 
formed i n a l m o s t e q u a l r a t i o . 
P r a c t i c a l l y s i m i l a r r e s u l t s w e r e o b t a i n e d i n 
t h e r e a c t i o n of 2 - m e t h y l p y r r o c o l i n e and DMA t o form 
t h e c y c l o a d d u c t .3 and t h e e n e - a d d u c t 4 . 
MeO C 
MeOgC 
Me02C ^N-
C02Me 
Me02C 
Me02C' 
The d i f f e r e n c e i n t h e p r o d u c t r a t i o i n 
d i f f e r e n t s o l v e n t s s u g g e s t t h e i n v o l v e m e n t of some 
common i n t e r m e d i a t e i n t h e f o r m a t i o n o f t h e c y c l o -
a d d u c t s 1_ and 3_ and t h e e n e - a d d u c t s 2_ and 4 . The 
i n c r e a s e d y i e l d of c y c l o a c t d u c t s 1 and ^ i n n i t r o -
me thane can be a t t r i b u t e d t o t h e d e h y d r o g e n a t i n g 
a b i l i t y o f n i t r o a l k a n e s by a b s t r a c t i n g h y d r o g e n s 
present at active vicinal position, and this rules 
out the possibility of involvement of the inter-
3 
mediate _5 proposed by Galbraith et al. in the 
reaction of 2-phenylpyrrocoline and DMA, in which 
hydrogens to be abstracted have 1,4-relationship. 
Reactions of 2-phenyl-, 2-methyl- and 1-
methyl-2-phenylpyrrocolines and diethyl azodicarboxy-
late were next studied bet h in the presence as well 
as in the absence of Pd-C catalyst, and in every 
case only 1:1 ene-adduqt was .''obtained and. iSo trace of 
cycloadduct could be detected. 
Et0 2 C 
6 , ^ a P h e n y l ; R2=H 
2 / R 1 =Methy l ; R2=H 
8 , R 1 = P h e n y l ; R 2 =Methy l 
The s t r u c t u r e of 6_ and & was c o n f i r m e d by 
t h e i r c o n v e r s i o n t o N - a l k y l a t e d p r o d u c t s 9 and 10 
r e spe c t i v e l y . 
H 5 C 2 ° 2 C 
C2H5 Co 2 Et 
9> R 1 = P h e n y l ; R2=H 
1 0 , R ^ P h e n y l ; R 2 =Methyl 
5 
Reaction of 2-phenylpyrrocoline and benzoyl 
isothiocyanate in toluene at room temperature again 
furnished only 1:1 ene-adducts 11 and 12. 
, ^ . 
—NHCQPh 
PhCOHN —CT ^Ph ^ Ph 
11 ' 12 
When t h i s c o n d e n s a t i o n was c a r r i e d o u t i n 
r e f l u x i n g t o l u e n e , , two u n e x p e c t e d p r o d u c t s c h a r a c t e r i z -
ed as 3 - c y a n o - 2 - p h e n y l - (13_) and l - c y a n o - 2 - p h e n y l -
p y r r o c o l i n e (JL4) were o b t a i n e d i n a l m o s t e q u a l p r o -
p o r t i o n . 
NG~ ^Ph . ^Ph 
13 14 
Reaction of 2-methylpyrrocoline and benzoyl 
isothiocyanate in toluene at room temperature furnish-
ed the expected l i l eno-adduct 1_5 as major product/ 
along with 16 as a minor • audduct. 
15 on b a s i c h y d r o l y s i s gave t h e c o r r e s p o n d i n g 
3 ~ c y a n o - 2 - m e t h y l p y r r o c o l i n e (17) which c o u l d a l s o be 
o b t a i n e d by s i m p l e r e f l u x i n g of JL5 i n p r e s e n c e of K^CC^ 
i n x y l e n e . C o n v e r s i o n o£ 1_5 t o 17 s u g g e s t t h a t _13 and 
14 may have a l s o been d e r i v e d from t h e c o r r e s p o n d i n g 
e n e - a d d u c t s 11. and 12! r e s p e c t i v e l y d u r i n g t h e c o u r s e of 
t h e r e a c t i o n . 
R e a c t i o n of 2 - ^ p h e n y l - 3 - m e t h y l p y r r o c o l i n e and 
d i e t h y l a z o d i c a r b o x y l a t e i n r e f l u x i n g t o l u e n e gave 
e x c l u s i v e l y t h e e x p e c t e d 1:1 e n e - a d d u c t 3J3. R e a c t i o n 
w i t h PhCONCS gave l - c y a n o - 2 - p h e n y l - 3 - m e t h y l p y r r o c o l i n e 
( 1 9 ) . 
COOC2H5 
-N—NH 
\ 
C0 2C 2H 5 
?h Me" " Ph 
18 19 
Reaction of 2-phenyl-3-methylpyrrocoline and 
dimethyl .acetylenedicarboxylate in ref luxing toluene 
gave a mixture of two yellow adducts 20 and 21 in a 
r a t i o of 3.5:1 respec t ive ly , which were separated by 
f r ac t iona l c r y s t a l l i s a t i o n . Molecular weight and e l e -
mental analysis revealed both to be 1:2 adducts . In 
the nmr spectrum the C-methyl s ignal appeared higher 
f i e ld in both 20 and 21 than t h a t of s t a r t i n g pyrrocol ine 
suggesting the presence of a bridgehead methyl group. 
In the nmr spectrum of 20 all the four esters appeared 
«nearly at the same position, whereas in 21 one of the 
four ester groups appeared upfield. 
No interconversion or change was observed on 
refluxing 20 and _2_1 in xylene in the presence or absence 
of Pd-C. 
When the same reaction was carried out in toluene 
at room temperature in addition to _2£ and 21 obtained 
as minor products, two new adducts, a red coloured 
solid 22 and a yellow coloured solid 2_3 were obtained 
in a ratio of If6 respectively. When the reaction was 
carried out in methanol, the ratio of 22_ and 23 was 8:1 
respectively, while _20 and 21 could not be detected 
at all. In dioxane the ratio of 20 and 2_1 was 9:1. In 
DMF _20 was the major product (18-20%), 2_3 in 5.6% and 
21 and 22^ were obtained only in traces, while in nitro-
methane 20, 21 and 22 were obtained in traces, and a 
new yellow coloured adduct 2_4 was the major product. 
The adducts 2.2, 23 and 24 were 1:1 ene-adducts; ,23 and 
24 were found to be different dimorphic forms of a 
single compound. Their ir (KBr) and mp were different. 
The nmr and mass spectral pattern were identical. 
The mixed mp of the two was not depressed and the mix-
ture was homogeneous on tic. Their ir in solution 
8 
were superimposable. 2_2 was different from 23, and 24 
in its ir, mp and nmr. It was also found to differ 
from 2J3 in its stability in different solvents/ in 
methanol 2j2 was more stable than 23/ whereas in 
toluene j23 was more stable and major product formed. 
•Since in protic polar solvents the formation of 
4 
trans form is preferred over cis / adduct 22. has been 
considered as the adduct having the two ester groups 
trans to each other, while 2J3 is considered as the 
adduct having cis ester groups. 
O C02Me H .. L>=( 
02Me 
Me 
22 23 
,0 , 
^ ^ 
cure crun o 
This is also confirmed by the observation that 
23 underwent basic hydrolysis and formed anhydride 
9 
whereas 2!2 did not form anhydride. Moreover _23 was 
found to be thermodynamically more stable than 22. 
This is due to the steric crowding of methyl,phenyl and 
ester groups present in the same plane in 22. 
To investigate whether 22_ and 2J3 are inter-
mediates in the formation of 210 and 21/ they were treat' 
ed with DMA under refluxing conditions; while 2_3 did 
not undergo any change•even with excess of DMA, 2_2_ was 
converted to some new product/ but 20 and 2_1 was not 
detected in the reaction mixture. Thus, it appears 
that adducts 2_0# 21/ 22 and £3 are formed by indepen-
dent processes and are not related to each other. 
From the spectral and elemental analysis and 
other data it was found difficult to assign structure 
to 20 and 2J.. However/ in view of the importance of 
knowing the structure of those adducts for understand-
ing the mechanism of these addition reactions.crystals 
of 2,1 were grown and submitted to X-ray crystallography 
studies* and the results so far obtained have given 
the gross structure shown below without defining the 
stereochemistry between methyl and vicinal methoxy-
carbonyl group. In view of the fact that A and B 
•This study has been kindly carried out by Prof. Venka-
tesan of the Department of Chemistry/ Indian Institute 
of Science, Bangalore. 
1Q 
appear t o be isomers they can safely be assigned 
s t ruc tu re 20 and 21 . From mechanistic considerat ions 
i t i s evident t ha t product obtained in major propor-
t ion should have s t ruc tu re 20 and t h a t obtained in 
M e 0 2 C " " \ 
H = 
Me0 2C 
C02Me 
Me Ph 
MeO 
C02Me 
Me02C H 
20 21 
low proportion should have s t ruc tu re 21.. This i s also 
supported by the nmr spect ra of 21. where one of the 
four e s t e r groups appeared higher f i e ld as i t would 
f a l l in the shie lding cone of the T?-electron cloud of 
the 8-membered r ing and hence would experience an 
upfield s h i f t . Further refinement of the s t ruc tu r e 
i s being carr ied out which w i l l decide about the 
stereochemistry more d e f i n i t e l y . 
In an extension of t h i s work the reac t ion of 
2~phenyl-3~methylpyrroc-c3ine with e thyl p rop io la t e was 
next inves t iga ted , when a br ick coloured so l id 26 was 
1! 
ubtained as the major product/ which from its ele-
mental analysis and molecular weight seemed to be a 
1:2 adduct. Its uv spectrum was not affected by the 
addition of a drop of 6N HCl showing the involvement 
of position 3 of the starting pyrrocoline. In the 
nmr spectrum of 26/ the C-methyl signal appeared 
higher field than that of the starting pyrrocoline 
(7.6 T*) and lower field than that of a bridgehead 
methyl as well as of pyrrocoline structural pattern. 
The resonance signal for H-2 appeared as a complex 
multiplet very likely due to ortho coupling with H-1 
and long range coupling with H-10. Moreover, the nmr 
spectrum of 2j5 in presence of 0,1 molar concentration 
of Eu(fod)3 showed a sharp signal at 1,07Y with a 
complete disappearance of N-H signal, while the 0CH„ 
* 
of the side chain ester group gave two quartets with 
a chemical shift difference of 0.5 Hz. Based on these 
facts, structures 2_6 and 27_ have provisionally been 
assigned for the product. Final assignment to the 
H5C202C 
H s-
H 
CH, 
H 
110 
H 
9 .1 CO C H 
N"^^N- * Z. b 
kPh 
^r 
V
H5C2°2C-
H' 
<y 
N ^ 
C02C2H5 
'H 
Eh 
CH 
26 
3 
27 
p a r t i c u l a r s t ruc tu re i s in progress . 
No concerted mode of addit ion can encompass 
a l l these findings and a stepwise ion ic 1,3-dipolar 
mechanism seems to su i tab ly explain a l l the r e s u l t s . 
In the react ion of 2-phenyl-, and 2-methyl-
pyrrocol ine and DMA, in a stepwise process (Chart I) 
the f i r s t a t tack would be of the nucleophi l ic end 
of the 1,3-dipole of pyrrocol ine (3-posi t ion) on the 
d ipolarophi le , r e su l t i ng in the formation of an 
acycl ic 1,5-dipole 28, since nucleophiles always 
5 
add to an ant ibent form of DMA. I t i s suggested 
t h a t 28_ undergoes a 1, 3-proton s h i f t y ie ld ing 29_ 
which may equ i l ib ra t e with i t s rotamers through free 
ro ta t ion around C~C, <T"-bond and can revers ib ly 
rearrange to 3>2 and 3_3 v ia an 1,3-anionotropic s h i f t . 
The t r a n s i t i o n s t a t e for 4+2 d i s r o t a t o r y 
cycloclosure of 3J2 would be unfavourable owing t o 
s t e r i c hindrances by the t r a n s geometry of the e s t e r 
groups present on the v iny l i c s ide chain and should 
give the ene-adduct £ and 4; in 3j3 the r ing closure 
should be f ac i l e r e su l t i ng in the formation of the 
cycloadduct _34 which on subsequent dehydrogenation 
affords 3. and 3_. 
The strong solvation of the more polar anti-
5 
bent form of 29 in methanol would preferentially 
13 
^ N 
E ^ ^ \ < 
^ R 
H 
28 
R » Me o r Ph 
E 
+ 
E 
32 
^R 
E 
H- SR 
E 
2./ R 
1 / R 
Ph 
Me 
•> 
E 'N 
E 
29 
^ ^ 
33 
V 
<r 
^R 
^R 
34 
E = -C0 2 Me 
r^N 
30 
tv 
© 
'N ' 
E 
^ R 
E 
3 1 
1 , R = Ph 
3 , R - Me 
CHART 1 
J 4 
lead to the formation of 32, which would explain the 
high yield of the ene-adduct in this solvent, while in 
nitromethane or toluene Pd-C the equilibrium is shifted 
t o
 li v i a 33 because of their ability to stabilize 34 
through dehydrogenation. 
The increased formation of cycl(3.2.2)azine 
by using nitromethane as the reaction solvent circum-
stantially supports the intermediacy of 34, since the 
nitro group of nitroalkanes dehydrogenate systems 
containing active vicinal hydrogens via the formation 
2 
of a ?-centred transition state of the type 35. 
E s* -CCuMe 
35 
Addi t iona l suppor t fo r t h e proposed mechanism 
was ob ta ined from s e q u e n t i a l nmr s p e c t r a of a r e a c -
t i o n mixture of 2 -pheny lpy r roco l ine and DMA i n C^Dg 
and CD3N02, recorded a t d i f f e r e n t t ime I n t e r v a l s ; t h e 
r e l a t i v e formation of _1 and 2 was monitored by measur-
i n g t h e i n t e n s i t i e s of C02CH3 s i g n a l s fo r t h e s e 
J J 
compounds in the reaction mixture. In CD3N02/ the nmr 
spectrum recorded at 2.5 hr after the start of the 
reaction showed complete absence of 1_ while consider-
able amount of 2 was formed at this stage. The amount 
of 1 increased with time after 24 hr a significant 
quantity of this product was present in the reaction 
mixture showing a slow rate of formation of 2 In 
CgDg the reaction was slower than in CD-jNCU. The 
most diagnostic feature of the reaction in C^Dg was the 
appearance of a singlet at 5.12, assigned to 3-H, in 
7 
28/ in the initial phase of the reaction/ which 
disappeared after keeping the reaction mixture at the 
same temperature overnight (12 hr) and a doublet 
appeared at 7.17 (J=8). Moreover the isolation of 2_ 
(M , m/e 335) from the reactions of 2-phenylpyrroco-
line and DMA in CD3N02 or CgDg rules out the possi-
bility of abstraction of a proton by _2j8 from the 
solvent and supports the intermediacy of the proposed 
intermediate 29. 
While 2^ could be recovered unchanged after 20 
hr refluxing of its solution in xylene in presence 
of 10% Pd-C, uv irradiation* of a solution of 2 in 
*Rayonet, Srinivasan-Griffin Photochemical Reactor 
fitted with RPR 2537 A° uv lamp was used for the 
reaction. A trace of I2 was added as the sensi-
tiser. 
i o 
toluene for 8 hr followed by refluxing for 20 hr with 
10% Pd-C caused 40% transformation to cyclizine 1. 
This result apart from supporting the assigned trans 
stereochemistry of ester groups in the adduct 2_, also 
substantiate the proposed intermediacy of 33_ in the 
formation of J34 from the initially formed 1,5-dipolar 
intermediate 28. 
The failure to form cyclo adduct in the reaction 
of pyrrocolines and diethyl azodicarboxylate is against 
8 2 
these react ions being t r ea t ed as fT S + -ff s or 1 ,3-
d ipo la r addit ions and supports the stepwise 1,3-dipolar 
ionic mechanism, s ince the intermediate 1,5-dipolar 
species _36 generated in t h i s reac t ion would have no 
p o r b i t a l s avai lable on terminal ni t rogen necessary 
for cyclo-c losure . 
C02Et 
36 
" > 
J 7 
The f o r m a t i o n of 1 :1 e n e - a d d u c t s i n t h e r e a c -
t i o n s of p y r r o c o l i n e s and b e n z o y l i s o t h i o c y a n a t e a t 
room t e m p e r a t u r e a l s o s u p p o r t t h e s t e p w i s e 1 , 3 - d i p o l a r 
i o n i c mechan i sm. 
F o r m a t i o n of n i t r i l e s _13, 2A, 3/7_ and 1_9 u n d e r 
r e f l u x i n g c o n d i t i o n s i n v o l v e f a c i l e e l i m i n a t i o n of 
PhCOSH from t h e e n e - a d d u c t s (37 - » 3 8 ) . 
The f o r m a t i o n of c y c l o a d d u c t s 2D and 2jL o b t a i n -
ed from t h e r e a c t i o n of 2 ~ p h e n y l - 3 - m e t h y l p y r r o c o l i n e 
and DMA u n d e r r e f l u x v e r y l i k e l y i n v o l v e s t e p w i s e 
a d d i t i o n of 1 m o l e c u l e o f DMA l e a d i n g t o t h e c i s -
c y c l i c a d d u c t 3£ e x c l u s i v e l y ; c y c l i z a t i o n t o g i v e 
t r a n s - c y c l i c a d d u c t 4o would b e s t e r i c a l l y no t f a v o u r e d . 
39 t h e n u n d e r g o e s a d d i t i o n of s e c o n d m o l e c u l e of DMA 
H, 
MeO„C '$ 
Me02CJ 
-N-
L_i 
Me 
^ 
MeO S ^ / ^ N 
Me02CT 
! I ' 
Me 
Ph 
39 
MeO 
M e 0 2 C \ / ^ C02Me 
40 
41 
JS 
to give 41, which would undergo ring opening of the 
cyclobutene ring to relieve the strain. The adduct 
42 would then aromatise via suprafacial or antara-
facial 1, 3- <J~ tropic hydrogenshift leading to the 
formation of the two products 20 and 21_. The supra-
facial shift requiring least steric interaction with 
CH_ group of C^,-position would be more favoured as 
compared to antarafacial shift. Thus/ the product 
obtained in major proportion has been assigned struc 
ture _20 and that obtained in lower proportion has 
been assigned structure 21, 
10 
Formation of _26_ obtained from the react ion 
of 2-phenyl~3-methylopyrrocoline and ethyl p rop io la te 
i s also based on the same mechanism'. I t involves 
stepwise ionic lt3-dipolar cycloaddition of one mole-
cule of e thyl propiola te followed by ene-addit ion of 
the second molecule of e thyl p rop io la te r e su l t i ng in 
the formation of intermediate 43, which being thermo-
dynamically less favoured undergoes r ing opening by 
43( • 26 
bond reversion to relieve the strain. In bond rever-
sion 1,9-H shift would be energetically the preferred 
process over disrotatory opening of dihydropyridine 
ring or 1,9-methyl shift. 
Formation of ene-adducts 22_ and _2J3 from the 
reaction of 2-phenyl~3-methylcpyrrocoline and DMA 
at room temperature simply involves ene-addition of 
2 u; 
1 molecule of DMA. Since ene-addition takes place 
at a position where a proton is available for proto-
tropic shifty C, is a more favoured position than C3. 
Isomerisation of 22 to 23 can be depicted as follows:-
C02Me 
C0oMe Ph 2 
• > 
CO Me 
0 Me 
Ph 2 
22 44 
< -
> 
< ^ > r ^ C02Me 
C02Me 
45 23 
tl 
P A R T II 
SYNTHESIS OF PROSTAGLANDINS ANALOGUES 
The naturally occurring PGs exhibit a wide 
variety of biological activities and hold promise 
for treatment of an astonishing variety of diseases, 
the most important of which is their possible use in 
controlling various stages of reproductive cycle. 
However, because of the overlapping biological acti-
vities of the presently available prostaglandins, 
their clinical usefulness in controlling reproduction 
is associated with weak to strong side effects. It, 
therefore^ seemed possible to dissociate some of the 
side effects by suitable alteration of molecular 
structure. Thus, the size of the five membered ring 
was varied to delineate the role of planarity and 
aplanarity on the biological activity. Since in 
cyclopentanes four of the five carbon atoms are in one 
plane and the ring has considerable planar character, 
it seemed of interest to synthesize and biologically 
evaluate the, corresponding six-membered analogues of 
the type A, B and C; the aromatic analogues would be 
completely planar while the cyclohexane would be more 
aplanar than the natural prostaglandins. Successful 
synthesis of the aromatic analogues of type B is 
n 
described below and al^o some exploratory work carried 
out for the synthesis of cyclohexane analogue C. 
OH OH 
HO— CH 
C5H11 (CHo)„C0oH 
OH 
2 n 2 
csHii Y 0H 
(CH2)nC02H 
B 
(CHJrCO H 0 H 2 6 2 
In an exploratory work for the synthesis of 
compounds of type h, VIII and IX, synthesised as shown 
in Scheme 1, did not give satisfactory yield of the 
corresponding hydroxy compounds X or XI and instead 
the corresponding diene XII was obtained as the 
major product. It is, however, known that the side 
chain double bond in PG is not necessary for biological 
activity and further effort was, therefore, directed 
towards the synthesis of the dihydro analogue of 
2 3 
Me 
(1) 
OMe 
CHO 
(3) OB 
OMe 
(2) 
OMe 
(CH=CH) n -C0 2 R 
I I , n = l ; R=Me 
I I I , n = 2 ; R=C 2 H 5 
Me 
(4) 
OMe 
( C H 2 ) n C 0 2 R 
V I , n = 2 ; R-Me 
V I I , n = 4 ; R=C 2H 5 
- > 
• > 
o-
Me 
OMe 
(CH 2 ) n C0 2 R 
I V , n = 2 ; R=Me 
V, n = 4 ; R=C 2H 5 
OMe 
"5"11 
OMe 
( C H 2 ) n C 0 2 R 
V I I I , n « 2 ; R»Me 
I X , n = 4 ; R=C 2 H 5 
OMe 
HO-Z n ( B H A ) 0 
>i2 > 
- C H " ' 
NaBH 4 
OMe 
C_H_ I 
5 U
 ^Vn^* 
X, n = 2 ; R=Me 
X I , n « 4 , R=C 2 H 5 
OMe 
/ : 
C 4 H 1 0 OMe 
(CH2 )n9°2R 
X I I 
( I ) f o r n = l : NaH, (MeO)2PO-CH2COOCH3 a n d f o r n = 2 : PhCOOH, 
(Ph 3 P + -CH 2 CH=CHC0 2 Et)Br"* ; (2) H 2 / R a n e y N i ; (3) n - b u t y l 
d i c h l o r o m e t h y l e t h e r , S n C l 4 , C H 2 C l 2 ; • (4) ( M e O ^ P O - C H j C O C g H ^ j 
NaH. 
SCHEME 1 
2 4 
prostaglandin of type B. The synthesis of 7-(5-
(3-hydroxyoctyl)~2/4-dihydroxyphenyl)-heptanoic acid(B) 
was accomplished as outlined in Scheme 2. 
Synthesis of cyclohexane analogue C was attempt-
ed as shown in Scheme 3. XIV synthesized as described 
above, on Birch reduction with Li and liquid ammonia 
followed by hydrolysis and treatment with diazomethane 
furnished the required enol ether XX, However, reac-
tion of XX with Grignard reagent prepared from 3-tetra-
hydropyranyloxy-1-octyne and ethyl magnesium bromide 
under different conditions failed presumably due to 
steric hindrance of the vicinal side chain. Use of 
lithium compound instead of Grignard reagent also did 
not help. 
In an alternative approach to these cyclohexane 
analogues, XXII prepared by Diels-fAlder reaction of 
furan and maleic anhydride, was catalytically reduced 
followed by controlled hydride reduction to give XXXV 
in good yield. However, it has so far not been possible 
to open the oxide ring without either aromatizing the 
ring or causing considerable decomposition resulting 
in formation of intractable tars. XXIV, however, 
appeared a very suitable substrate for the synthesis 
of compounds of potential biodynamic interest. Using 
XXII, XXIII and XXIV as the intermediates, compounds 
ZJ 
OMe 
OMe 
CHO 
CMe OMe • 
<1J ^ j | ^ ' 2 ) ' ( 3 ) ' ( i ' 
OMe V ' '"OMe 
CH*CH-(CH2)4C02Et (CH2)6C02Me 
(5) 
" > 
XIII XIV 
OMe 
ex (6) ,(7) OMe 
(CH2)6C02Me 
-> o. 
OMe 
(8), (9) 
OMe 
C H 5 1;L
 (CH„),-COJMe 2 6 2 
~ > 
XV XVI 
HO— 
OMe 
(10) 
- > 
Q^Me 
5 ( ay6 C 0 2 H 
XVII 
HO_~C" 
C5H11 
B 
(1) P^P, A / Br (CH2) 5C02Et, DMF; (2) NaOH, StCHj 
(3) CH2N2; (4) H2, Raney Ni; (5) n-butyl dichloromethyl 
ether, SnCl4, CH2Cl2; (6) (MeO)2POCH2COC5H11# NaH, dime-
thoxyethane; (7) H2/Raney Ni; (8) NaBH4; (9) NaOH, CHgOH; 
(10) BBr3, CH2C12. 
SCHEME 2 
OMe 
OMe 
(CH2 ' )6C02Me 
XIV 
( 1 ) 
> 
OMe 
( 2 ) , (3) 
^OMe 
(CH2) 6 C 0 2 H 
X V I I I 
> 
/ 
v 
( C H 2 ) 6 C 0 2 H 
XXX 
OMe 
(4) 
" \ 
:5^11 
( C H 2 ) 6 C 0 2 M e 
XXI 
OTHP 
J 
• > 
>Me 
(5) 
•o 
( C H ^ C O ^ e 
• > 
XX 
> 
C 5 H U 
( C H 2 ) 6 C 0 2 H 
« 
(1 ) NaOH, EtOH; (2) L i , l i q u i d NHg, t - b u t y l a l c o h o l , 
THF; (3) Me2CO, H C l ; (4) C H ^ ; (5) s - C H - C g H ^ , E t B r , 
OT HP 
Mg, THF; (6) dil HCl, Me2CO, CH3OH; (7) NaOH, C2H5OH. 
SCHEME 3 
27 
of t h e t y p e XXV, XXVI, XXVII, XXVIII and XIX were 
p r e p a r e d and s u b m i t t e d f o r b i o e v a l u a t i o n . 
XXII 
XXIV XXV 
N-Ph 
^^y31; OH 
XXVI 
^CONHC4H9 
XXVII 
•CONHC4Hg 
- ( C H 5 ) 9 N ^  2 5 V2 H5 
XXVIII XXIX 
25 
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P R E F A C E 
Cycloaddition reac t ions are one of the most 
useful of organic react ions for s te reocont ro l led 
synthesis of r ing systems. Study of these react ions 
has grea t ly enriched our understanding of mechanis-
t i c p r inc ip les of organic r e a c t i o n s , the most 
important of which has been the enunciation of 
Woodward-Hoffmann r u l e s . The f i r s t p a r t of -the 
t h e s i s describes the study of the react ions of 2 -
phenyl-, 2-methyl-> l-methyl-2-phenyl- , and 2 -
phenyl-3-^nethylpyrrocolines with d ipolarophi les 
l i k e dimethyl acetylenedicarboxylate, d ie thy lazo-
dicarboxylate , ethyl p ropio la te and benzoyl i s o -
th iocyanate . A study of these reac t ions has led us 
to pos tu la te a stepwise ion ic path for these r e a c -
t i o n s . 
The development of analogues of b io log ica l ly 
act ive substances has been a p ro f i t ab l e area for 
pharmacological research, y ie ld ing many potent and 
c l i n i c a l l y useful drugs . The s t ruc tu re e luc ida t ion 
and synthesis of prostaglandins and the demonstra-
t ion of t h e i r powerful and varied b io log ica l 
a c t i v i t i e s in recent years has been one of the most 
s ign i f i can t advances of modern drug research . Prosta-
glandins hold particular promise as abortifacientS/ 
anti-ulcer agents and as nasal decongestants. 
However/ the natural prostaglandins are limited in 
their clinical usefulness, in view of their broad 
spectrum biological activities, which leads to 
unwanted side effects, their short half-life and 
no oral activity. There is thus currently a strong 
interest in prostaglandin analogues, which may not 
suffer from these shortcomings. The second part 
of the thesis deals with the synthesis of certain 
aromatic analogues of prostaglandin and their bio-
logical evaluation. 
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STUDIES IN CYGLOADDITION REACTIONS 
I N T R O D U C T I O N 
Cycloaddition reactions are of wide utility in 
the synthesis of heterocycles as well as carbocycles, 
and this general class of reaction merits a place 
along with the better known substitution, elimination 
and addition reactions. In most frequent cases of 
cycloaddition reactions two reactants unite to form 
cyclic compounds/ creating two new cf-bonds at the 
expense of TT-konds. The definition of cycloaddition 
should not be restricted simply to the multicentric 
2 
process with a cyclic electron shift. Thus, Huisgen 
in 1968 defined cycloaddition as: (a) Cycloadditions 
are ring closures in which the number of new cr~ bonds 
increases; (b) cycloadditions are not associated with 
the elimination of small molecules or ions. The 
cycloadduct correspond to the sum of components/ 
(c) cycloadditions do not involve the cleavage of 
ST^ -bonds; (d) cycloaddition can be intramolecular if 
one molecule contains the necessary functional group; 
(e) when more than two components combine only the 
reaction step leading to the ring is a cycloaddition? 
(f) the products of the cycloaddition need not be 
stable or isolable but the cycloadduct must occur at 
least as an intermediate. 
The classification of cycloaddition is based 
mainly on the number of new cr bonds formed and the 
resulting classes are subdivided according to the size 
of the ring and the number of ring members contribut-
2 
ed by each component. 
A few examples are given below to illustrate 
2 
t h e s u g g e s t e d c l a s s i f i c a t i o n . 
ONE NEW O^BOND 
T h i s g roup I n c l u d e s h o s t of e l e c t r o c y c l i c 
r e a c t i o n s , e . g . , 
(a) Three-membered r i n g s 
/ / 3 = = r N v s > p & > 
H 5C 6 0 ^ H 5 C 6 
> 
«^rN--C{CH.^) ^ 
(b) Four-membered r i n g s ' 
'/ d i s r o t a t o r y > 
P6H5 
H^ 
H 
c o n r o t a t o r y 
C 6 H 5 
> 
^ 
• C6H 
C6H 
H 
(c) Five-membered r i n g s 
"9^H_C_ ^ . ^ R 
8 
(d) Six-membered r i n g s 
CH. 
d i s r o t a t o r y 
V 130 
da. 
• > 
H 
CH. 
CH. 
H 
10 
(e) E igh t -membered r i n g s ' 8 
CH 3 
H c o n r o t a t o r y . 
CH3 
11 
TWO NSW cr~ BONDS 
The c y c l o a d d i t i o n s of g r e a t e s t p r e p a r a t i v e 
i m p o r t a n c e b e l o n g t o t h i s g r o u p wh ich i n c l u d e s o v e r 
90% of t h e known c y c l o a d d i t i o n s . 
(a) Three-membered r i n g s 
in reactions of -the type 2+l-~»3 the component 
that provides the single ring member must be both 
electrophilic and nuoleophilic. This requirement 
q 
is satisfied by carbenes, azenes/ the oxygen atom 
and halogen cations, 
(b) Four-roembered r i n g s 
This i nc ludes c y c l o a d d i t i o n s of .the t y p e 
2+2-^4 and 3+l-~*4, l e a d i n g t o t h e format ion of 
four-membered r i n g s . 
(c) Five-membered r i n g s 
Many five-membered heterocycles are obtainable 
by 1,3-dipolar cycloaddition (3+2-»5), Besides 
12 
cycloadditions of the type 4+1—>5 are also known. 
,13 
(d) Six-nmembered r ings 
The dimerization of 1,3-dipole (Z+3-^6)' '^ i s 
only of l imited use for the synthesis of six-merribered 
he terocycles . The Diels -Alder synthesis (4+2-*-6) 
has not a t ta ined the same importance for heterocycles 
as for carbocycles. An important syn the t i c p r i n c i p l e 
•I C -I CL 
for heterocycles is 1,4-dipolar cycloaddition ' 
(4+2-» 6), which unlike the Diels -Alder reaction is 
a two-step process. 
In addition to this, cycloadditions leading 
17 
to the seven-membered r ings of the type 4+3->7, 
18 19 
5+2~»7, 6+1-?*7, eight-membered r ings of the type 
4+4-^8, 6+2-»8, ten-membered r ings of the type 
22 
6+4~»lo, and twelve-membered rings of the type 
23 6+6-^12 are also known. 
III. THRBR NEW er~ BONDS 24 
The react ions in t h i s c lass leads in p r i n c i p l e 
to more than one new r ing , e . g . , 
80°C 
13 + (NC)2C=C(CN)2 
\\ 
(CN), 
It may be regarded as 5+2 cycloaddition. 
IV. FOUR NEW CT BONDS 
Although cycloadditions involving the forma-
tion of four new a~ bonds are known, it is not yet 
possible to prove the existence of cycloaddition in 
which all the four c~ bonds are formed simultaneously 
and not by successive cycloadditions. 
The present chapter deals mainly with dipolar 
cycloadditions. 
Dipolar Cycloadditions - Definition 
and classification 
These are defined as cycloadditions involving 
dipolar components. So far three kinds of dipolar 
cycloadditions (1/3-, 1,4-, and 1/5-) have been 
established. 
A. 1,3-DIPQLAR CYCLOADDITIONS 
The concept of 1,3~dipolar cycloadditions was 
25 
first suggested in 1938 by Smith . The generality 
of the reaction was recognized by Huisgen ' x x in a 
brilliant series of research papers. Their versa-
tility in the synthesis of five-membered heterocycles 
is comparable to that of Diels-Alder reaction in the 
formation of carbocyclic systems. 
The 1,3-dipole which can only be represented 
as zwitterionic octet resonance structures, combines 
in a cycloaddition with a multiple bond system, the 
dipolarophile, to form an uncharged five-membered ring, 
,b. 
An example of 1, 3-dipolar cycloaddition is as follows: 
Methyl diazoacetate when reacted with methyl aery-
la te gave dimethyl Z\ -pyrazoline-3,5-dicarboxylate 
(15).26 
e © 
H-CCUC-CH-N.SN 
~ 2 0 - 5 0 ° g M e 0 2 G _ ^ ^ H ? * \ , 
H 
H9C = CH-C09CH„ J 
^ ^
 J
 CO Me 
L5 
Mechanism of 1/3-dipolar cycloadditions 
The kinetics and mechanism o£ ol, 3r"dif>olar <zyr.lo-
27 
additions was f i r s t given by Hiisgen and the picture 
which they have drawn i s that of single step -four-
centre "no mechanism" cycloaddition in which the two 
new cr~-bonds are both pa r t i a l ly formed in the t r an s i -
t ion s ta te although not necessarily to the same 
extent. The c r i t e r i a for the mechanism were provided 
by the stereoselectivity observed with cls~, t rans- , 
isomeric dipolarophiles, by the effect of solvents 
and substituents on rate constants, by activation 
parameters, orientation of addition and by molecular 
orbital considerations. The mechanistic studies are 
confined mainly to the 1, 3-dipoles with internal 
octet s tabi l izat ion. 
A 1,3-dipole is an ambivalent compound which 
ei ther displays electrophil ic and nucleophilic 
act ivi ty on position 1 and 3 or reacts in the I m -
positions as spin coupled b i radica ls . 
Dependence on the solvent; Over a wide range 
of polar i t ies 1/3-dipolar cycloadditions offer a 
remarkably small solvent dependence. Since 1,3-dipole 
do not have high e lec t r i c moments even in the ground 
s ta te and the t ransi t ion s t a te i s not associated with 
appreciable charge Separation the effect of solvent 
i s insignificant and inverse solvent dependence i s 
not observed. 
Steric course of the addition: 1,3-Dipolar 
cycloadditions usually proceed with a high degree 
of s tereoselect ivi ty, if a lack of s tereoselect ivi ty 
is observed it must be ascertained whether subsequent 
epimerization of the primary adduct has occurred. 
Thus, stereoselectivity is a valuable guide for the 
concerted nature of 1, 3-dipolar additions. 
Activation parameters: Concerted processes 
generally exhibit large negative entropy of activa-
tion (/\.s+) and only moderate enthalpy requirement. 
Cycloadditions of diphenyl diazomethane onto various 
activated alkenes do in fact have unusually large 
negative entropies of activation as determined from 
28 
kinetic measurements at various temperatures. 
Additions of 1,3-dipoles without a double bond 
display the same kinetic characteristics. 
Electron-substituent effect; The most strik-
ing phenomenon observed here is the promoting effect 
that conjugation exerts on the dipolarophilic activity 
of all multiple bonds. There are two important 
reasons for this phenomenon: (a) Conjugation increases 
the polarizabillty of TT-bonds of the dipolarophiles, 
(b) concerted formation of two new crbonds is not 
necessarily synchronous. Unequal progress of bond 
formation in the transition state leads to the partial 
charges which can be stabilized by substituents. 
The dipolarophilic character of the acetylenic 
bonds is similar in magnitude to that of the olefinic 
bonds. Moreover, the reactions leading to aromatic 
rings are not favoured from the aromatic resonance 
of the product. Also the angularly strained double 
bonds show high dipolarophilic activity. 
Influence of steric factors; The rate of 
concerted,, processes are often dramatically affected 
by steric factors. Kinetic studies of the stereo-
selective addition of 1,3-dipolar species onto 
geometrically isomeric alkenes indicate a higher 
reactivity for the trans-isomer. Thus, trans 
stilbenes add diphenyl (nitrile imine) 27 times 
29 
faster than do cis-stilbenes. The hindrance to 
mesomerism in the cis-isomer weakens the activating 
affect of the phenyl radical in the cycloaddition, 
whereas coplanarity is achieved in the trans isomer. 
In addition, there is a second factor of greater 
importance. During the concerted addition of 1,3-
dipole, hybridization of central carbon atom of 
the olefinic dipolarophile changes gradually from 
2 3 
sp to sp , even though the C-C distance is some-
what lengthened the attendant shrinkage of the 
bond angle from 120° to 109° results in considerable 
compression of the van der Waals radii of the 
eclipsed cis-substituents, thus an increase in the 
van der Waals repulsion leads to an higher acti-
vation energy for the cycloaddition to the cis-
isomer. Whereas addition onto the trans-isomer is 
free from this disadvantage. 
Principle of maximum gain in KT~-bond energy: 
The ability of dipolarophiles containing hetero atom 
is often inferior to structurally analogous C,C-
dipolarophiles. An explanation is supplied by the 
principle of maximum gain in CT~-bond energy. The more 
the loss of TT-bond energy in the reactants is 
compensated by the energy of two new C"-bonds the more 
facile cycloaddition will be. Thus, 1,3-additions of 
ozone yield primary ozonides only with olefinic or 
aromatic O C double bonds/ whereas cycloadditions 
onto o=o or C=N double bonds are unknown. The reason 
is readily apparent. Two new C-0 single bonds are 
closed in addition to the alkene, this corresponds 
to a bond energy of 17o KCal. Addition onto a 
carbonyl group would yield one C-0 single bond and 
one o-0 single bond. The attendant gain of only 120 
KCal of f-bond energy does not provide sufficient 
driving force for the cycloaddition since the reactants 
would have to sacrifice their TT -bond energy. 
Regioselectivity of addition (or orientation 
of addition); Dipolarophiles with multiple bonds 
including a heteroatom usually add the dipole only 
in one of the two possible directions. The nature of 
the new cr--bonds not only determines the activity bat 
also determines the orientation. Addition of benzo-
nitrile-N-oxide onto aldehydes yields exclusively 
derivatives of the 1, 3, 4-dioxazole system. The forma-
tion of structurally isomeric heterocycle would 
involve a gain of 0~-bond energy which is small by 
52 KCal. 
With alkynes or alkenes as dipolarophiles both 
direction of addition produce of course the same 
amount of o'Vbond energy. The interplay of electronic 
and steric factors thus effect the addition, the 
latter, however- appears to play a greater role in 
determining regioselectivity. 
Diphenyl diazomethane adds onto propiolic 
ester in one direction only, which is favourable both 
from the steric and electronic point of view, since 
the central carbon atom of the diazoalkane is more 
strongly nucleophilic than the outer nitrogen. In 
the case of phenyl propiolic ester the direction of 
addition is reversed with respect to the carboxylic 
ester group, this orientation being more favoured 
sterically. This conclusion is supported by experi-
ments with diazoalkanes in which steric demands of the 
cent ra l carbon atom i s lower. 
H5C6^e © 
5 6 
/ C - N ^ N 
HCEC-CO.Me, Ph-CH.'C-C02CH3 
H, 
17 
C02Me H u u ^ i e " 6 ^ 5 
K i n e t i c s and s t r u c t u r a l v a r i a t i o n s of 1/ 3 -
d i p o l e s : In 1 , 3 - d i p o l a r compounds " w i t h o u t a d o u b l e 
11 bond" t h e c o n f i g u r a t i o n I s of p r i m a r y i m p o r t a n c e . 
In C~phenyl -N-methyl n i t r o n e t h e o r g a n i c r e s i d u e s a r e 
t r a n s t o t h e C=N d o u b l e b o n d . F i x a t i o n of t h e c i s -
c o n f i g u r a t i o n i n t h e d i h y d r o i s o q u i n o l i n e - N - o x i d e by 
t h e c y c l i c s t r u c t u r e r e s u l t s i n a 200 f o l d i n c r e a s e 
i n t h e r a t e of 1 / 3 - a d d i t i o n s . 
M o l e c u l a r o r b i t a l c o n s i d e r a t i o n s : A l l 1 , 3 -
d i p o l a r compounds c o n t a i n 4 T f - e l e c t r o n s i n t h r e e 
p a r a l l e l p o r b i t a l s . Compound 18 ( n i t r i l e y l i d e ) 
and 19. ( N - m e t h y l - O p h e n y l n i t r o n e ) r e p r e s e n t d i p o l a r 
s p e c i e s of two d i f f e r e n t c l a s s e s (w i th and w i t h o u t 
a d o u b l e bond i n 1 , 3 - s e s c t e t s t r u c t u r e s ) a s p o i n t e d 
out below. This isoelectronic allyl anion struc-
ture is responsible for the ability of 1,3~dipole to 
31 32 
undergo cycloaddition. ' 
During the activation process the l inear bond 
system abc of the 1,3-dipole must necessarily bend 
in order to place centres a and e in contact with the 
"T-bond system of the dipolarophile. Structure 20 
depicts the orientation complex preceding the t r a n s i -
tion s ta te for the addition of a 1,3-dipole to a 
dipolarophile d-e. Here, the bending of the 1,3-
dipole within the horizontal plane preserves the a l ly l 
anion orbi tal which makes contact of the TT-bond of 
dipolarophile. The gradual rehybridization from p 
3 2 
to sp and sp orbitalS/ which occurs during the 
reaction is accompanied by an uplifting of the middle 
15 
nitrogen until it reaches the plane of the remaining 
four centres. The loss of TT-bond energy involved in 
bending the linear configuration is partly compensated 
by a gain in energy resulting from rehybridlzation 
and accommodation of a lone pair of electron in an 
orbital of high 's' character. The resonance energy 
of the allyl anion is not disturbed by bending. The 
transition state 21. is puckered and cannot profit from 
the aromatic resonance of the product. The resemblance 
of the transition state 21 is more to the orientation 
complex 20 (whose new o~»bonds are still quite long) 
rather than the product. 
21 22 
The two plane orientation complex _20 indicate 
that (4+2)TTelectrons are involved in the cyclo-
addition process exactly as in the Diels-Alder reac-
33 
t i o n . The symmetry c o n s i d e r a t i o n s w i t h t h e c o r r e -
l a t i o n d i a g r a m s r e v e a l t h a t t h e c o n c e r t e d t h e r m a l 
c y c l o a d d i t i o n i s a l l o w e d . 
• 1/4-DIPOLAR CYCLOADDITION 
The 1 , 4 - d i p o l a r c y c l o a d d i t i o n i s n o t a new 
d i s c o v e r y b u t m e r e l y a new p r i n c i p l e of c l a s s i f i c a -
t i o n . L i k e t h e D i e l s - A l d e r r e a c t i o n t h e 1 , 4 - d i p o l a r 
3 4 , 3 5 
c y c l o a d d i t i o n f o l l o w s t h e scheme 4+2- ) 6 . The new 
1 , 4 - d i p o l e h a s o n l y fo rma l s i m i l a r i t y t o t h e 1 , 3 -
d i p o l e . 
The 1 , 4 - d i p o l e i s a compound a - b - c - d wh ich 
p o s s e s s e s a t ' a ' an u n f i l l e d e l e c t r o n s h e l l and a 
f o r m a l p o s i t i v e c h a r g e and a t ' d ' a t l e a s t one l o n e 
p a i r o f e l e c t r o n s a s s o c i a t e d w i t h a f o r m a l n e g a t i v e 
c h a r g e . I n most of t h e c a s e s t h a t h a v e b e e n s t u d i e d 
t h e 1 ,4 - rd ipo le i s n o t an i s o l a b l e s u b s t a n c e . F r e -
q u e n t l y i t a r i s e s i n s i t u o u t of a n u c l e o p h i l i c d o u b l e 
bond sy s t em a=b and an e l e c t r o p h i l i c d o u b l e o r t r i p l e 
bond c»d i n an e q u i l i b r i u m p r o c e s s . 
The i n t e r c h a n g e a b i l i t y of f o r m a l c h a r g e s i n 
mesomer ic s t r u c t u r e s which i s so c h a r a c t e r i s t i c s of 
27 1,3-dopoles i s missing in the 1,4-dipole owing t o 
the lack of conjugation. 
€> 0 
a = b - c - d (octet) 
* A " 
a = b c = d 
x _ 
\ 
Nucleophile Electrophile <•£> V e 
a - b - c - d (sextet ) 
1,4-Dipole 
Mechanism of 1,4-djpolar addi t ions 
I t i s a two-step addit ion mechanism in which 
the two new tf^-bonds are formed one a f t e r the other . 
^ 
4> 
1,4-Dipole j 
a-
b^ a £> 
I J 
With electrophilic 
dipolarophile 
23 
|{ Dipolarophile 
r "\ 
V J 
L t 
25 
With nuc leophi l ic 
d ipo la rophi le 
£•&, 
The 1 ,4 -d ipo le combines only wi th t h o s e d i p o l a r o -
p h i l e s which themselves p l a y pronounced e l e c t r o p h i l i c 
or n u c l e o p h i l i c r e a c t i v i t y . I t i s , t h e r e f o r e , 
neces sa ry t h a t the i n t e r m e d i a t e s i n d i c a t e d i n t h e 
formula must bear a f u l l n e g a t i v e o r - p o s i t i v e charge 
i n the p o r t i o n de r ived from t h e former d i p o l a r o p h i l e s 
e=f. This l i m i t s s e v e r e l y the range of a p p l i c a b l e 
d i p o l a r o p h i l e s . 
1,5-DIPOLAR CYCLOAPDITION 
I t i s a two s t e p a d d i t i o n mechanism and very 
few examples are known. One of t h e examples r e p o r t e d 
by Sasak i e t a l . i s t he s y n t h e s i s of p y r a z o l o ( l , 5 - a ) 
p y r i d i n e d e r i v a t i v e s , from N-vinyl iminopyridiniurn 
y l i d e s (26>) which a re p r epa red from pyr id in ium N-imine 
hyd ro iod ide s , and d imethyl 1-chlorofumarate o r 
malea te i n t h e p re sence of po tass ium c a r b o n a t e . The 
i s o l a t e d t r a n s - N - y l i d e 2j5 compara t ive ly s t a b l e i n 
c r y s t a l l i n e s t a t e , i somer ized i n t r a m o l e c u l a r l y o r 
underwent 1 , 5 - d i p o l a r c y c l i z a t i o n i n v a r i o u s s o l v e n t s 
t o afford pr imary d ihydro type of cyc loadduct 27. which 
was s t a b l e i n c r y s t a l l i n e s t a t e b u t aromatized r e a d i l y 
wi th dehydrogenat ing agents t o g ive t h e cor responding 
p y r a z o l o ( l , 5 - a ) p y r i d i n e d e r i v a t i v e (28) . The i s o l a t e d 
t r a n s - N - y l i d e 26 does no t seem t o be the p r e c u r s o r 
of Isola ted cis-adduct , hence thermal or photochemical 
c i s - j t r a n s - # isomerization must occur p r i o r to r ing 
closure followed by thermal cyc l iza t ion and dehydro-
genation. 
R 
disrota-f ^ tory -
Rl 9°2Me 
C02Me > W 
H H 
co2Me C02Me 
K 
26 A 
A 
>k 
A, h^ 
Me02C 
hi) 
-C02Me 
^ 
27 
A ; h*J 
R 
C02Me 
28 
C02Me 
C02Me 
Polar-cycloadditjons 
In between the above types of cycloaddit ions 
involving uncharged and dipolar component/ the re i s 
37 
another type of cycloaddition classified by Smith 
as "polar cycloadditions". These are defined as 
cycloadditions involving ionic components. 
It is suggested that the number of ring atoms 
contributed by the ionic or "polar components" and 
also the charge on the reactive centres should be 
+ -
indicated by descriptions such as (4+2) and (3+2) 
cycloadditions. 
© 
If' l . b ^ f 
I ,1 > , , 
+ (4+2) -cycloaddit ion 
9/> 
'
a
 e 0 
b ' 1 > :b' 
(3+2)-Cycloaddition 
e 
t 
A 
The intermediate position of polar cycloaddi-
tions between those with uncharged components and 
those with dipolar ones is not merely formal. Thus, 
transitions from -synchronous (i.e., simultaneous, 
though not necessarily equally fast) to non-synchro-
nous formation of the new cr~-bonds to give the cyclo-
adduct are often observed here; the "conservation of 
38 
orbital symmetry" as an energy factor for the 
occurrence of the reaction is then outweighed by other 
energy factors, and the new CT"-bonds, as in many 
electrophilic and nuoleophilic additions are formed 
consequtively. 
The polar systems capable of cycloadditions 
frequently cannot be isolated, but must be produced 
in situ from neutral molecules. Contact ion pairs and 
solvent separated ion pairs are possible intermediates 
of these reactions and the influence of solvent on 
the course of reaction is large. 
The polar systems may also form diradical 
cation, but this possibility is only considered theo-
retically. 
Some of the exejmples of polar cycloaddition are: 
1. (4+2)-Cycloaddition 
// 
R-CN + R*-C \x 
SnCl4 
V 
R 
Jc® 
T <—> 
R R 
1 
R ^ 1
 © 
CI 
29 30 
CI 
2 . ( 3 + 2 ) - C y c l o a d d i t j o n 
R 
H 7 R - C 5 N 
R, 
A 
R, 
RlA~_uk 
R, 
R, 
R 
+ 
S 
L
 ® 
—NH 
R 
X=0 
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CHAPTER I 
CYCLOADDITION REACTIONS OF SUBSTITUTED 
PYRROCOLINES WITH DIMETHYL ACETYLENE-
DICARBOXYLATE, DIETHYL AZODICARBOXY-
LATE, BENZOYL ISOTHIOCYANATE AND ETHYL 
PROPIOLATE 
Galbraith et al. reported the synthesis of 
1,2-di (methoxycarbonyl)cycl(3.2.2)azine (_35) by the 
reaction of pyrrocoline (33) and dimethyl acetylene-
dicarboxylate (DMA) in presence of 5% Pd-C. They have 
suggested that the reaction might proceed via 1/3-
dipolar cycloaddition reaction involving a cyclic 
intermediate 34, which on subsequent dehydrogenation 
with Pd-C affords 1,2-di(methoxycarbonyl)cycl(3.2.2)-
azine (3J5)« However/ the mode of formation of the 
intermediate cycloadduct _34 was not explained. 3ubse-
43 
quently, Boeckelheide e t a l . reported t he reac t ion 
of 2-phenylpyrrocoline (36) and DMA in presence of 
5% Pd-C to give the corresponding 1/ 2-di (methoxycarbo-
nyl) -3-phenylcycl (3.2.2) azine (3j8) „ However, in a 
study of t h i s react ion of 3j6 with DMA car r i ed ovt in 
t h i s laboratory by Gupta e t a l . 4 4 / 4 5 / i t was shown t h a t 
along with the product 38 the ene-adduct 39 was also 
rT^h 
•N 
- ^ 
R 
3_3, R=H 
36, R=C6H5 
• > 
r 
^ N 
H 
MeO C 
N' 
V 
Me0 2C 
H 
ii' R=H 
37, R=C6H5 
~\ 
" ^ 
U 
MeO, %A^ 
Me02C ^ R 
3J5, R *= H 
38. R = C\-Hr-
— ' 6 5 
r ^ 
Me02C ^N-
H > ^ ^ R 
C02Me 
39,, R = C6H5 
formed, thus suggesting a succint possibility that 
the addition may be following a stepwise ionic path. 
With a view to obtain mechanistic information on this 
addition reaction, ro^cuion of variously substituted 
pyrrocolines, such as 2-phenyl-, 2-methyl-, 1-methyl-
2-phenyl-, and 2-phenyl-3-methyl-pyrrocolines and 
various dipolarophiles which included dimethyl acetyl-
enedicarboxylate (DMA), diethyl azodicarboxylate, 
benzoyl isothiocyanate and ethyl propiolate were 
investigated and the results are described xn this 
chapter* 
In order to determine the role of the dehydro-
genation catalyst in the formation of 38, the reaction 
of 3j5 and DMA was carried out with and without Pd-C 
catalyst and the ratio of the two adducts 38 and 39 
determined. It was observed that the ratio of 38 
and ^ 9 in refluxing toluene in the presence of the 
catalyst was 4;1 while without catalyst it was 3:2 
under refluxing and 1:1 at room temperature. These 
findings suggest the possibility that a common inter-
mediate may be involved in the formation of 38 and 39_ 
and the greater yield of _38_ in the presence of Pd-C 
could be attributed to the stabilisation through 
dehydrogenation of the initially formed cycloadduct, 
which would then shift the equilibrium towards the 
increased formation of the latter. The formation of 
38 in the absence of the catalyst occurs very likely 
through disproportionation reaction. 
The effect of solvent on the course of reaction 
was next studied. A significant difference in the 
product ratio was observed when different solvents were 
used. When the reaction was carried out in nitro-
methane at 120°C the ratio of 38 and 39'was 7:3 where-
as in methanol under identical reaction conditions 39 
was t h e o n l y i s o l a b l e p r o d u c t . At room t e m p e r a t u r e 
(35°C) same r e a c t i o n i n n i t r o m e t h a n e , m e t h a n o l and 
t o l u e n e f u r n i s h e d 3J3 and 39 i n a r a t i o of 3 : 2 , 1 : 9 , 
and 1:1 r e s p e c t i v e l y . 
R e a c t i o n of 2 - m e t h y l p y r r o c o l i n e (40) and DMA 
i n n i t r o m e t h a n e , m e t h a n o l and t o l u e n e a t room t e m p e r a -
t u r e (35°C) a l s o gave a m i x t u r e of t h e e n e - a d d u c t 41 
and t h e c y c l o a d d u c t 4 2 , a p p r o x i m a t e l y i n t h e same 
r a t i o s as was o b t a i n e d i n t h e r e a c t i o n of 2 - p h e n y l -
p y r r o c o l i n e . The s t r u c t u r e of 42 was c o n f i r m e d by 
compar i son w i t h an a u t h e n t i c sample 46 The s t r u c t u r e 
Me 
40 
Me02C 
CCuMe 
41 
Me 
H 3 C ° 2 G V ^ % 
H 3 C 0 2 C ^ Me 
Me02C ^VN 
CO Me 
42 43 
of 4a was established from its spectral data: nmr 
(CDClg)*: 2.89 (s, 1, vinylic H), 3.24 (dt, J=7 and 
1.5, 1, H-7), 3.5 (dt, J=7 and 1.5, 1, H-6), 3*6 
(s, 1, H-l). additional support for the assigned 
structure of 4JL was obtained by its facile selective 
reduction of one double bond with sodium borohydride 
and methanol to give product 43, which confirmed the 
presence of vinylic side chain in 41. _43: nmr (CDC1.,): 
5.4 (dd, J=9 and 6, 1, -CHCO^Me), 6.67 (dd, J«9 and 17 
1 , H of side chain C H O , 7.45 (dd, J=6 and 17, 1, 
H of side chain CH2). 
T h e
 trans geometry of the ester groups in 39 
and 41 (vinylic H 2.84, and 2.89 respectively) has 
been assigned on the basis of known upfield appear-
ance of nmr signals of vinylic H in substituted 
diethyl maleate (3.72-4.16) as compared to the substi-
47 tuted diethyl fumarate (6.17). 
The difference in the adduct ratios in differ-
ent solvents indicate the possibility of some common 
intermediate in the formation of ene-39 and 41 and 
cycloadduct 38 and 42, as the stability of the inter-
*The chemical shift values are ejp ressed in *Y units 
and J values are expressed in Hz. Only those reso-
nance signals which are of importance for assignment 
of structure are described. 
mediate would be dependent on the polarity of the 
solvent. Moreover, the increased yield of J38 and 4£ 
in nitrcmethane may be attributed to the dehydrogenat-
ing ability of nitroalkanes to dehydrogenate protons 
48 present at active vicinal position, and exclude the 
42 43 possibility of involvement of 3J7 ' i n which the 
protons undergoing dehydrogenation have 1,4-position. 
Reaction with diethyl azodicarboxylate as 
dipolarophile and 2-phenyl-, and 1-methyl-2-phenyl-
pyrrocolines in refluxing toluene gave one product in 
each case in a yield of 40% and 32% respectively. 
This is in contrast to the failure of Galbraith et al. 
to affect any reaction between pyrrocolines and 
diethyl azodicarboxylate. Based on spectral and 
elemental analyses the adducts were found to be lsl 
ene-adducts and have been assigned structures 44 and 
45 respectively. 
Similar results were obtained from the reac-
tion of 40 and diethyl azodicarboxylate at room 
temperature (35°C), where 1:1 ene-adduct 46 was the 
only isolable product and no trace of cycloadduct 
could be detected either with or without 5% Pd-C. 
The structure of these adducts was readily 
established on the basis of the following observations, 
The uv spectrum of all these adducts resembled close-
ly with that of starting pyrrocoline to suggest that 
pyrrocoline structural pattern is not disturbed in 
the product. The ir spectrum showed strong absorp-
tion bands in the region characteristic for NH: 44: 
ir, ^ ^ 3450 cm**1, 45: ir, ^ ^ 3400 an"1, 46; 
\ KBr -»1 i r , v/lT 3300 cm . The p r e sence of NH was a l s o 
' ITlctX 
confirmed by t h e convers ion of 44 and 45_ t o t h e i r 
corresponding N-a lky la t ed p roduc t s 47 and 48 r e s p e c -
t i v e l y by t r e a t m e n t with' e t h y l bromide and sodium 
h y d r i d e . 
fa ' •«• 
C 0 2 C 2 H 5 
-
R l 
^ 2 
47 , RX=H, R2=C6H5 
4 8 , R1=CH3, R 2 -C 6H 5 
The nmr s p e c t r a of t h e adducts were g r o s s l y 
s i m i l a r t o each o t h e r : 44: nmr (CDC1,): 1.45 (broad 
3^ 
d, J=7 and 2, 1, H-5), 3.09-3.64 (m, 3, H-6, H-7, 
H-l), 2.34-2.84 (m, 6/ H-8, CglO, 3 (broad s, exchange-
able with DO, 1/ NH); 45: nmr (CDC13): 1.54 (broad 
d, J=6 a'nd 1.5, 1, H-5), 2.34-2.79 (m, 6, H-8, CgH^), 
3.04-3.54 (m, 3, H-6, H-7, N-H, after deuterium 
exchange, two distorted triplets: 3.-39 (J=6 and 1.5, 
1, H-6), 3.19 (J»7, 8 and 1,5, 1, H-7))j 46: nmr 
(CDC13): 1.79 (d, J=7, 1, H-5), 2.34 (broad s, 1, 
exchangeable with D20, NH), 2.84 (d, J*=7, 1, H-8), 
3.37 (dt, J=8 and 2, 1, H-7), 3.59 (dt, J=8 and 2, 1, 
H-6), 3.9 (s, 1, H-l). The signal due to H-5 appeared 
most downfield in all the three adducts, obviously 
due to the deshielding caused by N,N,-di(ethoxy-
carbonyDChydrazino group. This assignment is also 
supported by the nmr of 44, 45 and 46_ in TFA which 
showed no protonation at C3; pyrrocolines with their 
49 50 
exposition vacant undergo protonation at C». ' 
This indicates the occupancy of CU by a bulky substi-
tuent which prevents protonation owing to its steric 
effect. The complexity of resonance signals of H-6 
and H-7 is due to one ortho and one mete coupling 
experienced by H-6 and H-7, suggesting that dipolaro-
phile has not attacked any position in the pyridyl 
residue of pyrrocoline* Reaction of 3_6 and diethyl 
azodicarboxylate in v&fluxing symmetrical tetrachloro-
3 J 
ethane also gave 1:1 ene-adduct 44. Attempts to 
saponify the e s t e r 44_ caused re t ro-ene react ion r e s u l t -
ing in the formation of 36. 
Reaction of 2-phenylpyrrocoline (36) and benzoyl 
isothiocyanate in ref luxing toluene gave predominantly 
two products in equal propor t ion, besides some minor 
products . These two products were separated by column 
chromatography, and fur ther pur i f ied by repeated 
c r y s t a l l i z a t i o n frcm benzene. These were not the expec-
ted 1:1 ene-adducts and ins tead appeared t o be 1-
cyano-2-phenylpyrrocoline (50) and 3-cyano-2-phenyl-
nmr pyrrocoline (49); 49: i r # \ £ ? 5 2183 (C=N) cm"1; 
mtmmm „ ,- I UCLA. 
(CDd 3 ) : 1.7 (broad d, J=7, 1, H-5), 2.2 (m, 2t ArH)/ 
2,4 (m, 3/ AxH), 2.7 (s , 1/ H-8), 2.9 (dd, J«=7 and 2, 
1, H-7), 3,1 (dd, J=7 and 2, 1, H-6), 3.3 (s, 1, H- l ) ; 
50: i r , 0} *®5 2203 (CsN) On""1; nmr (CDd, ) : 2 (broad 
•~*~ \J max o 
d, J=7, 1, H-5), 2.09-2.62 (m, 5, ArH), 2.7 (s, 1, 
H-8), 2.9 (dt, J=7 and 2, 1, H-7)/ 3.3 (dt, J=7 and 
2t 1, H-6). The downfield shift of H-5 in,49 and the 
Me 
51 53 
a b s e n c e of r e s o n a n c e s i g n a l of H-1 i n 50 i n d i c a t e t h a t 
CSN i n 49 i s p r e s e n t a t CU and i n 50 a t C^. 
R e a c t i o n of 2 - m e t h y l p y r r o c o l i n e and b e n z o y l 
i s o t h i o c y a n a t e i n t o l u e n e a t room t e m p e r a t u r e f u r n i s h e d 
t h e 1:1 e n e - a d d u c t £51 i n 80 .5% y i e l d , a l o n g w i t h two 
o t h e r m i n o r p r o d u c t s 52, (12-14% y i e l d ) and 53 ( 5 . 3 % 
y i e l d ) , which were s e p a r a t e d by column c h r o m a t o g r a p h y . 
5 1 : i r , \ } K B r 3323 (NH) cm"*1; nmr (CDC1,): - 0 . 1 8 
— "max o 
(broad d, J=7 , 1 , H-5 ) / 1 (broad s , 1 , e x c h a n g e a b l e 
w i t h D 2 0, NH), 2 . 9 4 ( d t , J=7 and 2 , 1 , H-7 h a v i n g o n e 
o and one m c o u p l i n g ) , 3 . 1 5 ( d t , J=7 and 2 , 1 , H-6 
h a v i n g one o and one m c o u p l i n g ) , 3 .57 {s, 1 , H - l ) j 
M+ 294 ; 5 2 : i r , V K B r 1 5 8 8 . 8 cm""1; nmr ( C D C l , ) : 2 . 7 
— max J 
(d, J = 1 0 , 1 , H ) , 2 .99 ( d t , J=7 and 2 , 1 , H) , 3 . 3 ( d t , 
J=7 and 2 , 1 , H ) , 3 .7 ( s , 1 , H ) ; M+ 297 ; 5 3 : i r , V * ^ 
3315 (NH); 3215.5 (NH) cm"*1; nmr (CDC3-3) : 2 .49 
(broad d, J=7, 1, H-5) , 3.01 (m, 3, H-6, H-7, H-8) , 
3.59 ( s , 1, H - l ) , 4 .00 (broad s , 2, exchangeable wi th 
deuter ium, NH); M+ 190. 53 appears t o be 2-methyl-
p y r r o c o l i n e - 3 - t h i o a m i d e , whereas t h e s t ructure i f 52 i s 
s t i l l under i n v e s t i g a t i o n . 
While no cyano compound could Jpe d e t e c t e d i n 
t h e above r e a c t i o n , 53. when t r e a t e d with a l k a l i gave 
3-cyano-2~methylpyrrocol ine (5,4) and 3-carboxamide-
2-methylpyr rocol ine (5£>), i d e n t i f i e d £>y t h e i r e l e -
mental and s p e c t r a l a n a l y s e s ; j54: i r , V
 m ax
 2 1 8 9
« 7 
54 55 
'Me 
(C3N) on""1; nmr (CDC13); 1.77 (d, J=7, 1, H-5), 2.52 
(d, J=7, 1/ H-8), 2*95 (dt, J=7, 1, H-7), 3.24 (dt, 
j«7, 1/ H-6), 3.67 is, 1, H-l)> 55: ir, \) ^ 3303 
(NH)/ 3128 (NH) cm"*1, 1646 (C=0), 1603 cam""1; nmr 
(CDClg): 2.6 (broad d, J*=7, 1, H-5), 3.2 (m, 3, H-6, 
H-7, H-8), 3.7 (s, 1, H-l), 4.3 (broad s, 2, exchange-
'able with D20, NH2). 
Refluxing of 53. in xylene in presence of 
potassium carbonate also gave 3-cyano-2-methylpyrro-' 
coline (54). This indicated the possibility that 
the formation of the nitriles 4£ and 50/ when 3>6_ was 
treated with benzoyl isothiocyanate may also be 
mediated through a similar 1:1 ene-adduct. In order 
to investigate this a solution of 2-phenylpyrrocoline 
and benzoyl isothiocyanate in toluene was allowed to 
stand at room temperature for twenty hours/ when 56 
and 57 were obtained in 10% and 12% yields respec-
tively; 56: ir, v)*?5 3355 cm""1; nmr (CDC1,)» 1 (broad 
*KBr 
s, 1, exchangeable with D20, Ng); 57: i r # yJJ^c 3 3 6 7 
-1 cm ; nmr (CDC1.J - 0o75 (broad s, 1/ exchangeable 
with D20/ NH). 
PhCOHN, 
ST^N 
J 
II 
S 
56 
Ph 
, ^ N 
^ H C O P h 
57 58 
The react ions of 2-phenyl-3-methylpyrrocoline 
(58) with dimethyl acetylenedicarboxylate, d ie thy l 
azodicarboxylate, benzoyl isothiocyanate and ethyl"' •'-
propiolate were next investigated. 
Reaction of 58 with DMA in refluxing toluene 
gave a mixture of two products A, mp 223 and B, mp 
213° in a ratio of 3.5:1 along with the unreacted 
pyrrocoline, separated by chromatography followed by 
fractional crystallization. Both A and B were found 
to be 1:2 adducts and isomers from their mass spectrum 
and elemental analyses; A: ir, ^ ^ 1749, 1733, 1717.5 
can""1; nmr (CDClg) ; 2.05 (s, 1, H-6), 2.07-2.77 (m, 
7, C6S5' S-1/ 2~3), 3.55 (dd, J=13 and 6, 1, H-2), 
5.54 (s, 1, H-8), 6.19 (s, 3, 0CH3), 6.24 (s, 3, OCHg), 
6.25 (s, 3, 0CH3), 6.34 (s, 3, 0CH_3) , 8.47 (s, 3, 
C-CH,); M+ 491; B: ir, Jf?J 1739.7, ' 1712.6 cm"1; 
~"o — v max 
nmr (CDClg): 2.10 (s, 1, H-6), 2.27-2.92 (m, 7, CgHg, 
H-l, H-3), 3.59 (dd, J=13.5 and 6, 1, H-2), 6.05 (s, 
1, H-8), 6.27 (s, 3, 0CH3), 6.30 (s, 3, 0CH3) , 6,34 
(s, 3, 0CH3), 7 (s, 3, OCH3), 8.17 (s, 3, OCH 3); 
M+ 491. 
In the nmr spectrum of both A and B the c-
methyl signal appeared relatively highfield as compared 
to the C3-methyl signal in the starting pyrrocoline 
(7.60) indicating the absence of pyrrocoline structural 
pattern and presence of a bridgehead methyl, since 
its position corresponds to that of a bridgehead 
51 
methyl (8.56). In the nmr spectrum of A all the 
four esters appeared nearly at the same position where-
as in B one of the four ester groups appeared upfield. 
Addition of 1 molar concentration of Eu(fod)., to the 
nmr sample of A resolved the multiple*, centred at 
2.07-2.77 into (a) two multiplets 2.55-2.17 (3H) and ' 
1.64-1.29 (2H) for five phenyl protons (b) a doublet 
at -0.01 (J»13/ 1, H-l) and (c) a doublet at -0.11 
(J=6, 1/ H-3). Addition of 0,64 molar concentration 
of Eu(fod)3 to the nmr sample of B (Fig.l) simplified 
the multiplet centred at 2.27-2.92 into (a) a multi-
plet at 2.55-2.12 (3H) and 1.95-1.6- (2H) for five 
phenyl protons, (b) a doublet at 1.15 (J=13, 1, H-l) 
(c) and a doublet at 1.54 (J=6, 1, H-3). 
Both A and B were unchanged when heated in 
xylene solution with or without Pd-C. 
Reaction of 5_8_ and diethyl azodicarboxylate in 
refluxing toluene gave the adduct 59 in a yield of 
16% as the major product; 59: ir, \)^Z 3 3 5° (N*1) 
cm"1; uv >^J°H 224 U , 40023), 253 ({-, 88300) and 
306 (£, 14550) nm; nmr (CDC13) : 2.15 (broad d, J=8, 
1, H-5), 3.04-3.50 (m, 3, after deuterium 2H, H-6, 
H-7, N-H); M+ 381. 
The uv spectrum of J59 resemblod closely with 
that of starting pyrrocoline 58, suggesting the 
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presence of corresponding chromophore in the product. 
In the nmr spectrum of 59, position of C--methyl 
signal (7,59) coincided exactly with that of starting 
pyrrocoline (7.60), suggesting that pyrrocoline 
structural pattern is undisturbed in the product, A 
multiplet centred at 3,04-3.5 was resolved by the 
addition of 0,15 molar concentration of Eu(fod)_ to 
the nmr sample of 5J3 into two double triplets each 
integrating for one proton with two coupling constants, 
one ortho and one meta (for lowerfield proton H-7, 
f 
J=7, and 2 and for higherfield proton H-6, J=7, 
and'2). It implies that dipolarophile has not attacked 
any position in the pyridyl residue of 159. There is 
also a downfield shift of the resonance signal for H-5 
due to the deshielding effect of, N,N'-di(ethoxycarbonyl)-
hydrazino group. Additional support to the structure 
of _59 was obtained from its nmr in TFA; ,59_: nmr (TFA) : 
X
'
5
 (d
'
 Jorao = 6' Jmeta=2' X' S"5)' L84-2.50 (m, 
3H), 4.32 (q, J=7, 1, H-3), 8.60 (d, J=7, 3, CH3). 
The appearance of C3-methyl signal as a doublet and 
the appearance of an additional quartet centred at 4,32 
(1H) showed that protonation had occurred at C-,, 
suggesting that C3 in 5j> is vacant and has not been 
attacked by the dipolarophile. 
Reaction of 5J3 and benzoyl isothiocyanate in 
3D 
59 
r e f l u x i n g t o l u e n e gave only 60 in 62,4% y i e l d . 60 : 
i r , \ / ^ | 2100 (CsBO-CnT1; nmr (CDC13) : 2 . 3 (broad 
d, J=7, 1, H~5), 2 . 4 - 2 . 9 (m, 6 , C^, H~8), 3 (d t , 
J=7 and 1.5, 1, H-7) , 3.3 ( d t , J=7 and 1 .5 , 1 , H-6)* 
-M 232. Based on t h e s e ev idences , t h e p roduc t was 
ass igned s t r u c t u r e 60 . 
• - With t h e hope of o b t a i n i n g t h e p o s s i b l e i n t e r -
i 
mediate in the formation of A and B which in turn may 
give some information about the structure of the two 
adducts reaction of 58 and DMA was studied under 
different reaction conditions and the results are 
summarised in Table 1. 
When this reaction was carried out at room 
temperature, using 1.1 or 2.1 molar proportion of DMA, 
A and B were obtained only in traces and instead two 
new adducts 61, mp 115°, and 6J2, mp 145°, were obtained, 
as minor and major products respectively. When the 
*N" 
Me^ 
.CN 
•Ph 
60 
reaction was carried out in methanol, the adduct 6JL 
was found to be the major product and 62, was the minor 
product and no A and B were obtained. In nitromethane 
besides A, B and 61 obtained in very small proportion, 
a new adduct 63, mp 125°, was obtained as the pre-
dominant product. 
Molecular weight and elemental analysis reveal-
ed that 61, 62: and 63, are 1:1 ene-adducts; all having' 
M
*
 349
« §1. w a s found to differ from (52: and 63 in its 
polarity, mp, ir (KBr) and nmr, whereas 6j2 and 63, 
though having different ir in the solid state (KBr) 
had superimposable ir in CHC1 and identical nmr, 
proved to be dimorphic forms. 
61 and 6_2 were found to differ in their stability 
in different solvents. In methanol 61 was found to be 
more stable, while in toluene 6_2 was more stable. 
Since in protic polar solvents, the formation of trans 
form is favoured over the cis form and in aprotic 
52 
solvents reverse happens, adduct 61 may be assigned 
trans geometry for the two ester groups while in 62, 
or 6_3 the esters in the vinylic side chain have been 
assigned cis geometry. The spectral data is in good 
accord with the proposed structure; 61: ir, \} K B r 
— * V max 
1714 (O=0) cm""1; uv, A ^ H 224 ( £, 34570), 250 
( £, 49930) nm; nmr (CDC13): 3.10 (s, 1, vinylic H), 
Me 
j N S 
\ N ^ ^ 
. ^ 
* . „ - . , _ , „ , 
CO Me -
i^v-H 
CO Me 
^ P h 2 
C02Me 
C02Me 
61 62 
6 .60 ( s , 3 , 0CH 3 ) , 6 . 4 ( s , 3 , OCHg), 7 . 5 ( s , 3 , C-CH 3 ) ; 
6 2 : i r , y ) K ? £ 1727 .9 (C=0) and 1689 .7 (OO) cm" 1 ; 
u v , ^ \ M e O H 224 ( £ , , 2 9 3 3 0 ) , 247 (<_, 40469) nm; nmr 
m^ax 
(CDC13) : 2.17 (dd, J=7 and 1.5, 1, H-5), 2.30 (dd, 
J=7 and 1.5, 1, H-8), 3.00 (dt, J=7 and 1.5, 1, H-7), 
3.25 (dt, J«7 and 1.5, 1, H-6), 4.15 (s, 1, H-l), 6.30 
(s, 3, 0CH3), 6.4 (s, 3, 0CH3), 7.67 (s, 3, CHg). 
The chemical shift value for C3-methyl in the 
nmr spectrum of both 63. and 6_2 is compared to that of 
C3-methyl signal in starting pyrrocoline (7.67), thus 
suggesting that exposition is not Involved in the 
reaction. Moreover, the nmr of 62: in TFA showed C3~ 
protonation with the appearance of an additional signal 
at 4.34 (q, J=7, 1, H~3) and splitting of C^-methyl 
signal into a doublet at 8.57 (J=7, 3, CH.J, thus 
confirming the position of vinylic side chain to be at 
C and not at C.., The resonance signal due to v iny l i c 
•proton appeared higherf ie ld (at 4.15) in 62/ than in 
61 (at 3 .1 ) . This i s in agreement with the known up-
f i e ld appearance of v iny l i c proton in d i e thy l maleate 
(3.72) having c i s geometry as compared t o v iny l i c 
proton in d ie thyl fumarate (6.17) having t r ans geo^ 
metry. 
Additional support t o the assigned s t ruc tu re 
i s obtained by the a b i l i t y of the acid obtained from 
62 a f te r a lka l ine hydrolysis to form anhydride 64, 
whereas the acid obtained from 61 did not form anhydride, 
•N 
Me^  
a C^TZzD 
H 
^ P h 
64 
A significant difference in the relative 
stability of the adducts 61 and 62 was also observed. 
It was found that whereas 62, was stable in chloroform, 
a solution of 61 in chloroform, after 15 minutes 
showed 3:7 ratio of 62 and 61 and after 30 minutes 
the ratio was 7:3. The addition of Eu(fod)_ to the 
nmr sample of 6_1 resulted in equilibration of 61 and 
62 to the extent of 5:7, whereas 6j2 did not undergo 
any change on treatment with Eu(fod)3. 63. on reflux-
ing in toluene at 110°C for 20 hours formed a small 
quantity of 62/ but 62, did not show any change when 
treated under similar conditons. The above results 
show that 61 is less stable of the two isomers. The 
greater stability of 6_2 over 6J. would appear to be 
due to greater steric interaction between the 2-phenyl 
and ester groups in 61« 
The increased yield of 63. in methanol and that 
of 6J2 in toluene suggest that 61^  may be the kineti-
cally controlled product, form first in the reaction 
and is stabilised in methanol due to strong solvation. 
This stabilization would not be possible in toluene 
where it would thus undergo isomerization to the 
thermodynamically more stable product 62. 
61 and j52 when treated with additional amount 
of DMA in toluene at 120°C for 20 hours did not form 
A or B, the 1:2 cycloadduct (62 was recovered unchanged 
while 61 gave some new product under these conditions). 
Thus, it appears that adducts 61, 62, A and B are 
formed by independent processes and are not related 
to each other. 
In view of the unusual structure of A and B, 
and the need of knowing unambiguously its structure 
for understanding the mechanism of these addition 
reactions, crystals of B were carefully grown and 
submitted to X-ray crystallography studies* and the 
results so far obtained have given the gross structure 
(Fig. 2) shown below without defining the stereo-
chemistry between Me and vicinal methoxycarbonyl group. 
In view of the fact that A'and B appear to be isomers 
they can be safely assigned structures 6_5 and 66, which 
65 66 
*This study has been kindly carried out by Prof. 
Venkatesan, Department of Organic Chemistry, Indian 
Institute of Science, Bangalore. 
45 
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finds support in their nmr spectra (Fig. 1). The 
singlet which appeared quite highfield at 6.05 and 
integrated for one proton was assigned ,to H-8, while 
the singlet at 2.1 was assigned to H-6. The double 
doublet appearing at 3.59 with J=13.5 and 6 indicat-
ing one trans and the other cis coupling was assigned 
to H-2. The multiplet cetired at 2.27-2.92 was 
resolved by the addition of Eu(fod)3 (0.64 molar 
concentration) to the nmr sample of 6_6 into (a) two 
multiplets centred at 1.6-1.95 (3H) and 2.12-2.55 
(2H) were assigned to 5 phenyl protons and two 
doublets (b) at 1.15 01=13.5), assigned to H-l and 
1.54 (d, J=6) was assigned to H-3. The resonance 
signal for one of the four ester groups which appeared 
quite highfield at 7.00 was assigned to Cg-ester as 
it would fall in the shielding cone of the TT—electron 
cloud, hence would experience an upfield shift. A 
and B had more or less similar ir and mass spectral 
fragmentation pattern. Thus, A was assigned structure 
65/ which is also supported by its nmr spectrum in 
which all the four ester groups appear nearly at the 
same position. From mechanistic consideration 65 
should be the kinetically controlled major product and 
B the minor product, and thus isomer A, which was the 
predominant product has been assigned the structure 
65 and B, obtained in low proportion, the structure 
66_. 
In t h e ex tens ion of t h i s work, r e a c t i o n of 2 -
pheny l -3 -methy lpyr roco l ine and e t h y l p r o p i o l a t e was 
nex t i n v e s t i g a t e d . While no r e a c t i o n occurred a t 
room tempera tu re , under r e f l u x a b r i c k coloured s o l i d 
about 12% y i e l d was ob t a ined , which from i t s e l emen ta l 
and s p e c t r a l ana lyses appeared t o be a 1:2 adduct and 
has been assigned s t r u c t u r e 67/ i r , v „ 3350 (NH), 
— ' » v max 
1725 and 1700 (CsO)
 # cm*"
1; uv , } \ J ^ H 222 (£_, 27592), 
243 ( £ , 23961), 276 C ^ , , 17790), 325 ( £ , 11981) nm; 
nmr (CDC1.J: 1.45 (broad hump, exchangeable wi th 
deuter ium, 1, NH), 2.17 (m, 1, H-2) , 2.47 ( s , 1, H-7) , 
2 .5 -3 .00 (m, 9, CgHg, CH=CH, H - l , H-4) , 8.35 ( s , 3, 
CHU). I t s uv spectrum was not a f f ec ted by the a d d i -
t i o n of a drop of 6N HC1 showing t h e involvement of 
p o s i t i o n 3 of s t a r t i n g p y r r o c o l i n e . In t h e nmr s p e c -
trum C~methyl s i g n a l appeared h i g h f i e l d than t h a t of 
t h e s t a r t i n g p y r r o c o l i n e (7 .6) inc.<.cating t h e absence 
of p y r r o c o l i n e s t r u c t u r a l p a t t e r n and p re sence of 
)c-CssC- system, s i n c e t h e methyl s i g n a l appeared 
CH3 
l o w e r f i e l d than t h a t of b r idgehead methyl ( 8 . 5 6 ) . 
Moreover, both t h e e s t e r s appeared s e p a r a t e l y as 5-Ph 
would s h i e l d the side- cha in e s t e r . The H-2 appeared 
as a complex multiplet very likely due to ortho 
coupling with H-l and long range coupling with H-10. 
Moreover, the nmr spectrum of 6J, in presence 
of 0.1 molar concentration of Eu(fod)3 showed a sharp 
signal at 1*07/ with a complete disappearance of NH 
signal, while the 0CH2 of the side chain ester group 
gave two quartets with a chemiaal shift difference 
of 0,5 Hz. Based on above facts, structure (57 and 
68 have provisionally been assigned for the product. 
Final assignment for the particular structure is in 
progress. 
H 
67 
No concer ted mode of a d d i t i o n can encompass 
a l l t he above f ind ings and a s t epwise i o n i c 1 , 3 -
d i p o l a r a d d i t i o n mechanism (Chart 1) seems t o s u i t ' 
ab ly exp l a in t h e above r e s u l t s . 
°2C2H5 
H Me 
68 
72 73 75 
v 
-R 
39_, RS=C6H5 
V 
74 
E *= -C02Me 
38 , R=C6H5 
4 2 , R=CH3 
CTLART I 
In the react ion of 2-phenylpyrrocoline (36) 
and 2-methylpyrrocoline (40) and DM£ in a stepwise 
process the f i r s t a t tack would be of the nucleophi l ic 
end of 1,3-dipole of pyrrocol ine (3-position) on1 the 
dipolarophi le t o give an acycl ic 1 / 5-dipolar i n t e r -
mediate 69.. I t i s suggested t h a t the l a t t e r under-
\ 
goes an intramolecular 1,3-proton s h i f t y ie ld ing 70 
which may equi l ib ra te with i t s rotamer 71 through 
free ro ta t ion around C-C, CT"-bond and can revers ib ly 
rearrange t o 7_2 and 7j3 v ia 1,3-anionotropic s h i f t . 
The t r a n s i t i o n s t a t e for (4+2) d i s ro ta to ry cycloclosure 
of 72.having t r ans geometry of the e s t e r groups on the 
53 
vinylic side chain would be unfavourable owing to 
steric hindrance and should give the ene-adducts 41 
and 39, In 7£ the ring closure would be facile 
resulting in the formation of cycloadduct 74,, which 
on subsequent dehydrogenation would afford cycl(3.2.2) 
azine .38 or 42. 
The fact that nucleophiles add to the more 
polar antibent form of acetylenes to give an acyclic 
54 1/2 anti adduct supports the intermediacy of 69 
in the formation of both the ene-adducts 39, and 41 
and the cycloadducts 313 and 42, The 1# 3-proton shift 
involved in the transformation of 69 to 70 is support-
ed by the experimental observation that no deuterium 
0 
was incorporated in the ene-product 3_9 (M 335) obtain-
ed from the reaction of 2«phenylpyrrocoline (36) and 
DMA in CgDg or CD3N02/ thus ruling out the possibility 
of abstraction of a proton from the solvent by the 
intermediate 69. 
, The increased yield of the ene-adducts 3_£ and 
41 in methanol and that of the cycloadducts 3_8 and 
42 in CH3N02 and toluene Pd-C gives an additional 
support to the proposed mechanism. The strong solva-
tion of the more polar antibent form of <S9 in methanol 
would.preferentially lead to the formation of 22. which 
would explain the high."yield of ene-adducts 3£ and 
41 in this solvent, while in nitromethane or toluene/ 
pd-C the equilibrium is shifted to 7_4 via 73 because 
of their ability to stabilize the cycloadduct 74 
through dehydrogenation. The increased formation of 
cycl (3.2.2 )azine 38 and 4j2 by using nitromethane as the 
reaction solvent circumstantially supports the inter-
mediacy of 74_ since the nitro group of nitrocalkanes 
dehydrogenate systems containing active vicinal 
hydrogens via the formation of a ^-centred transition 
7 
s t a t e of the type 76, as proposed by DeStevens in 
the synthesis of 3-cyanoindole in which 1-nitropropane 
i s involved in an a t tack on the intermediate imine 
77 with concomitant hydride s h i f t . 
H,C.fl\ H^6 
10 
76 77 
Additional support to the proposed mechanism 
was obtained from sequential nmr spectra of the reac-
tion mixture of 2-phenylpyrrocoline and DMA in C^D^ 
and CD-NO~, the relative formation of 2i8 and 39, was 
monitored by measuring the intensities of the -C02CH3 
signals for these compounds in the reaction mixture. 
In CD3NO? the nmr spectrum recorded at 2.5 hr after 
the start of the reaction showed complete absence of 
38 while considerable amount of 3£ was formed at this 
stage. The amount of 3_8_ increased with time and after 
24 hours a significant quantity of this product was 
present in the reaction mixture showing a slow rate 
of formation of _3JU In CgDg a similar pattern was 
observable though the reaction was slower than in 
CD-N02. The most d iagnost ic feature of the reocvcion 
in C,-Dg was the appearance of a s i ng l e t at 5.12 in ' 
the i n i t i a l phase of the react ion which completely 
disappeared a f te r keeping the react ion mixture at 
same temperature overnight (12 hours) and a doublet 
appeared at 7.17 (J=8); the s i ng l e t a t 5.12 i s ass ign-
ed t o H-3 in the 1,5-dipolar intermediate 6£. Further-
more/ H-3 s ignal in the nmr spectrum of pyrrocol ines 
49 50 
cations 7J3 in TFA appears at 4 .2 -4 .8 , wuion i s 
in agreement to t h i s assignment; a difference of 12 
cps may be due to solvent e f fec t . The doublet a t 
7.17 may, therefore , be ascribed to H. in the cycl ic 
intermediate 74. 
clo4 
78 
With a view to obtain additional information 
on this proposed mechanism a toluene solution of ^39 
was subjected to photolysis* for 8 hours followed by 
*Rayonet/ Srinivasan-Griffin Photochemical Reactor 
fitted with RPR 2537 A° uv lamp was used for the 
reaction. A trace of I2 was added as the sensitiser. 
refluxing for 20 hours in presence of 5% Pd-C, when 
40% conversion of _39_ t o 3>8_ took p l a c e . _39_ was r e -
covered unchanged af te r 20 hours refluxing of i t s 
solut ion in xylene in presence of 5% Pd-C, thus show-
ing conversion was i n i t i a t e d by uv l i g h t . I t appears 
t h a t a photo-induced thermal e i s - t r a n s isomerization 
of the t r ans ene-adduct 39_ to c i s product takes p lace , 
which would be followed by thermal cyc l iza t ion and 
dehydrogenation. Thus, apart from supporting the 
assigned t r ans stereochemistry of e s t e r groups in the 
adduct _39 these r e su l t s also support the proposed 
intermediacy of 7J3 in the formation of 7_4 from the 
i n i t i a l l y formed 1,5-dipolar species 69. 
T,ie f a i lu re of pyrrocolines 36>, 40y 58 and 
l-methyl-2-phenylpyrrocoline to form cycloadducts on 
treatment with d ie thy l azodicarboxylate would also 
o 
seem to rule out the possibility of concerted tT S + 
2 
TT S and 1,3-dipolar addition, mechanism as the poss ib le 
mode of these react ions and supports the stepwise 
1,3-dipolar ion ic mechanism since the intermediate 
1,5-dipolar compounds 79 or 80 generated in t h i s r e a c -
t ion would have no p o r b i t a l avai lable oh terminal 
nitrogen necessary for cycloclosure. 
The formation of 1:1 ene-adduct 51/ 56 and 
57 in the react ions of pyrrocol ines 36, and 4p_ with 
0 
benzoyl isothiocyanate at room temperature also 
support the stepwise, 1, 3-dipolar mechanism. * 
Formation of n i t r i l e s 49/ 50,, 54_ and 60 involve 
fac i le el imination of PhCOSH from the corresponding 1:1 
ene-adducts (82, - > 49_ .or 54) . 
Formation of ene-adducts 61 and 62 from the 
react ion of 2-phenyl~3-methylpyrrocoline and DMA at 
room temperature simply involve ene-addit ion of 1 
molecule of DMA. Since ene-addit ion takes place a t a 
a 
position where a proton is available for prototropic 
shift,, Cn is more favoured position than C-. Iso-
merizatlon of 61 to 62 may be depicted as follows:-
r^^N 
Mer 
CO Me 
COJMe 
Ph 2 
-> 
CCUMe 
C02Me 
61 84 
<r 
-> 
C02Me <£_ 
COgMe 
C02Me 
CO Me 
85 62 
In the formation of cycloadducts 6_5 and 66 
(Chart 2) the first step would be the attack of the 
nucleophilic end (C.,) of pyrrocoline on one molecule 
of XMAt leading to the formation of an acyclic 1,5-
54 dipolar intermediate 8J5, which cannot cyclise owing 
53 
to steric hindrance, of the ester groups. This can, 
however/ undergo facile cis-trans isomerizatlon via 
Ph 
Me £* / y ^ a Me Ph 
92 
V"9 
93 
1,3 H ' shift 
Antarafacxal 
V E 
'Ph 
Me Ph 
65 
E = -CCuMe 
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CHART 2 
0 
the a l l e n i c intermediate 87.* and the c i s isomer thus 
formed can cyclize to form the s t e r i c a l l y more favoured 
cis-adduct 89. Similar c i s - t r a n s isomerization involv-
ing a l l en ic intermediate 87 have been known in l i t e r a -
52 55 t u r e . ' The cycl ic adduct 89 can undergo addi t ion 
of a second molecule of DMA, followed by isomerization 
to the cis-isomer 91 and cycl iza t ion t o give the 
cycl ic intermediate 92_ which being thermodynamically 
unstable would undergo r ing opening of the cyclobutane 
r ing to r e l i eve the s t r a i n . The adduct 9J3 would then 
aromatize via a symmetry allowed suprafacia l or an 
an tarafac ia l 1, 3 - m . t r a p i c hydrogen s h i f t leading to 
the formation of the two products 6J5 and 66i. The 
suprafacial sh i f t requir ing l e a s t s t e r i c i n t e r ac t i on 
with C«'-CH3 would be more favoured as compared to the 
antarafac ia l s h i f t . Thus/ the product obtained in 
major proport ion has been assigned s t r u c t u r e 6j5 where 
Oj-ester and C«,-*nethyl are c is and t h a t obtained in 
lower proport ion should have s t ruc tu re 6j6^  where Ch-
e s t e r and O,,-methyl are t r a n s . 
Formation of §1_ obtained from the react ion of 
2-phenyl-3-methylpyrrocoline and ethyl p rop io la te i s 
also based on the same mechanism. I t involves s t e p -
wise ionic 1/3-dipolar cycloaddit ion of 1 molecule o£ 
ethyl p ropio la te followed by ene-addit ion of the second 
5 9 
molecule of ethyl propiolate resulting in the forma-
tion of intermediate 94_ which being thermodynamically 
unstable would undergo ring opening by bond reversion 
to relieve the strain. In bond reversion 1,9-H shift 
would be energetically the preferred process over 
disscotatory opening of dihydrqpyrridine ring or 1/9-
methyl shift. 
C02C2H5 
H5C2°2C 
> 
°2C2H5 
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The melting points were determined in a H2S04 
bath and are uncorrected. TLC was car r ied out on 
s i l i c a ge l G p la t e s and spots located by spraying 
with KMn04 or under uv l i g h t . The compounds were 
rout ine ly checked by i r and uv spectroscopy on Perkin-
Elmer Infra cord and Beckmann model 202 UV spec t ro -
photometer respec t ive ly , NMR were taken on Varian 
A-60D and Varian 220 instruments a t 60 and 220 MHz 
in CDC13 .and chemical s h i f t i s expressed in T* u n i t s 
using TMS as in te rna l reference, and J values are 
expressed in Hz, 
1,2-Di(methoxycarbonyl)-3-phenylcycl(3«2.2)azine (36) 
and 3-(1,2-di(methoxycarbonyl)vinyl)-2-phenylpyrroco-
l i n e (39) 
A mixture of 2-phenylpyrrocoline (0.25 g ) , 
dimethyl acetylenedicarboxylate (0.2 g) and 5% Pd-C 
(0.25 g) in toluene (8 ml) was refluxed under N2 
atmosphere a t 120 for 20 h r . The c a t a l y s t was removed 
by f i l t r a t i o n and the f i l t r a t e concentrated t o dryness, 
chromatography of the residue on neu t ra l alumina 
furnished a red adduct, 39, in the benzene:hexane 
(1:1) fraction, yield 0.04 g (9.5%), mp 135 , mixed 
mp 132-34°. 
Elution with benzene furnished a yellow colour-
ed solid 36, yield 0.16 g (37%), mp 144-45°, mixed 
mp 143-44°. 
The reaction was also carried out in differ-
ent solvents in the absence of Pd-C catalyst and at 
different temperatures, and the results are described 
in Table 2. 
1,2-Pi(methoxycarbonyl)-3-phenylcycl(3.2.2)-
azine (36) was also prepared by uv irradiation of a 
solution of 39_ (0.15 g) in toluene (150 ml) using 
Rayonet, Srinivasan-Griffin Photochemical Reactor 
fitted with RPR 2337 A° uv lamp, for 8 hr followed by 
refluxing for 20 hr in presence of 5% Pd-C (0.15 g). 
The catalyst was removed by filtration and the filtrate 
concentrated to dryness. The residue was chromato-
graphed on a column of neutral alumina to give 3_6_ in 
the benzene fraction, yield 0.06 g (40%), 
,3-(1,2-Di(methoxycarbonyl)vinyl)-2-methylpyrrocoline 
(41) and 1,2-di (methoxycarbonyl) -3-methylcycl (3.2.2 )-
azine (42) 
A mixture of 2-methylpyrrocoline (1.3 g) and 
dimethyl acetylenedicarboxylate (1.4 ml) in toluene 
62 
(25 ml) was allowed to stand at room temperature 
(35°) in N« atmosphere for 20 hr. Toluene was remov-
ed in vacuo and the residue chromatographed on a 
column of neutral alumina to give 41 in benzenerhexane 
(1:1) fraction, as dark red coloured viscous oil, 
yield 0.43 g (16.5%); ir, O ™ ? ^ 1 7 1 9 (ester carbonyl) 
cm""1; nmr (CDC13): 2.59 (dd, J=7, 1.5, 1, H-5), 2.89 
(s, 1, vinylic H), 3.24 (dt, J=7 and 1.5, 1, H-7), 
3.50 (dt, J=7 and 1.5, 1, H-6), 3.60 (s, 1,H-1), 6.17 
(s, 3, 0CH3), 6.35 (s, 3, OCTLj), 7.82 (s, 3, CH3). 
Anal. Pound: C, 66.15; H, 5.43; N, 5.02. 
C15H15N04 r e c 2 u i r e s : c' 65.94; H, 5.49? N, 5.12%. 
Further elution with benzene furnished 4J2 as 
yellow coloured solid, yield 0.5 g (19.2%), mp 120-22 , 
mixed mp 120-21°. 
This reaction was also carried out in differ-
ent solvents and the results are described in Table 3. 
3-(1,2-Di(methoxycarbonyl)ethyl)-2-methylpyrrocoline 
<43J 
NaBH4 (0.2 g) was added in small lots to a 
stirred solution of 41 (0.2 g) in methanol (lo ml) 
at room temperature. The mixture was allowed to stand 
at room temperature for 3 hr# the solvent evaporated 
and the residue dissolved in water, washed with ether 
the aqueous layer made acid with HCl and again extract-
ed with ether. The ether extract was dried (Na2S04) 
and concentrated when an oil was obtained, yield 0.15 
g (74%); nmr (CCl4)t 2,15 (d, J=7, 1, H-5), 2.75 (d, 
J=7, 1, H-8), 3.44 (dt, J=7 and 1.5, 1, H-7), 3.60 
(dt, J=7 and 1.5, 1, H-6), 3.85 (s, 1, H-l), 5.40 
(dd, J=9 and 6, 1, -CH-CX^Me), 6.67 (dd, J=9 and 17, 
1, H of side chain CH2), 7.45 (dd, J=6 and 17, 1, H 
of side chain CH2). 
3-(N,N*-Bis(ethoxycarbonyl)hydrazino)-2~phenylpyrro-
coline (44) 
(A). A mixture of 2-phenylpyrrocoline (5.0 g) 
and diethyl azodicarboxylate (4.5 g) in toluene (250 
ml) was Stirred at room temperature for 1 hr, then 
refluxed at 120 for 20 hr under N2 atmosphere. The 
solvent was removed in vacuo and the residue was chro-
matographed over neutral alumina. Slution with 
benzene furnished 4_4, crystallized from methanol, 
yield 4.0 g (40%), mp 168-69°; ir, >J *?J 3450 (NH) , 
max 
1760 and 174o (C=o) cm-1; uv, A ^ H 221 (£, 26050), 
252 (C, 53200), 307 (£, 8680) nm; nmr (CDC13): 
1.45 (broad d, J=7 and 2,' 1, H-5), 2,34-2.84 (m, 6, 
ArH, H-8), 3.00 (broad s, 1, exchangeable with 
deuterium, NH), 3.09-3.64 (m, 3, H-6, H-7, H-l), 5.75 
61 
(q, J=7, 2, QCK2) , 5.85 (q, J=*7, 2, OCH2), 8.80 
( t , J=7, 3, CHJ), 8.87 ( t , J**7, 3, CHg) • The nmr of 
44 in TPA did not show any C-protonation indica t ing 
tha t pos i t ion 3 was occupied by a bulky subs t i tuen t ; 
mass: 367 (M+), 294 (base peak; , M-73). 
Anal. Found: c, 65.70; H, 5.65; N, 11.06. 
C20H21N3°4 req^r® 8 * c ' 65»39> H, 5.72; N, 11.44%. 
(B). Using 5% Pd-C - A mixture of d ie thyl 
azodicarboxylate (6.95 g ) , 2-phenylpyrrocoline (7.72 
g) and 5% Pd-C (6 g) in toluene (250 ml) was s t i r r e d 
at room temperature for 1 hr, then refluxed a t 120 in 
N2 atmosphere for 20 h r . The c a t a l y s t was removed 
by f i l t r a t i o n and concentration of the solvent in vacuo 
furnished a dark coloured res idue , which was c r y s t a l l i z -
ed from methanol. The c r y s t a l l i n e mater ia l proved to 
be 44, y ie ld 6.5 g (45%). The f i l t r a t e was concentra t -
ec
^ i£L vacuo and the residue was f i l t e r e d through 
neutra l alumina using benzene as eluant to give a 
mixture of two compounds which were separated by p r e -
para t ive TLC. One of these components proved to be 
44, while the other was 1-(N,N'-tbis (ethoxycarbonyl) 
hydrazino)-2-phenylpyfrocoline. 
Alkaline hydrolysis of 3 - ( N , N ' - b i s ( e t h o x y -
carbonyl) hydrazine )-2-phenylpyrrocoline: 44 (0.5 g) 
6 
was mixed wi th 50% e t h a n o l i c NaOH (6 ml) and re f luxed 
fo r 18 h r in N? a tmosphere . The s o l v e n t was removed, 
t h e r e s i d u e d i s s o l v e d in wate r and e x t r a c t e d wi th 
chloroform. Remoal of CHC13 y i e l d e d a t a r r y m a t e r i a l 
which on chromatography o v e r > n e u t r a l alumina column 
us ing benzene as e l u a n t y i e l d e d 2 -pheny lpyr roco l ine 
along wi th small q u a n t i t y of u n r e a c t e d 44 . 
3-(N,N*-Bis (e thoxycarbonyl)hydraz ino)~2-phenyl~l~ 
me thy lpyr roco l ine (45) 
A mixture of d i e t h y l a zod i ca rboxy la t e (2.68 g) 
and l - m e t h y l - 2 - p h e n y l p y r r o c o l i n e (3.0 g) i n t o l u e n e 
(70 ml) was s t i r r e d and re f luxed as d e s c r i b e d above. 
After t h e u s u a l work up of t h e r e a c t i o n mix tu re , 45 
was ob ta ined as c o l o u r l e s s hexagonal c r y s t a l ' s , c r y s -
t a l l i z e d from methanol , y i e l d 1.5 g (32%), mp 133-34 ; 
i r , Y ^ ^ 3400 (NH), 1760 and 1740 (C=0) cm"*1* uv, 
/^maxK 2 2 2 ( ^ ' 3 4 9 8 9 ) < 2 5 ° ( £ > 59093), 312 ( £ , 1 5 5 5 0 ) 
nm; nmr (CDClg): 1.54 (d, J=6 and 1.5, 1, H-5) , 2 . 3 4 -
2.79 (m, 6, ArH, H-8) , 3 .04-3 ,54 (m, 3, H-6, H-7, NH, 
a f t e r deuter ium exchange, two t r i p l e t s f o r 2H: 3.39 
( d i s t o r t e d t , J« 7 and 1 .5 , 1 , H-6), 3.19 ( d i s t o r t -
ed t , J=7 and 1.5, 1, H-7) , 5.80 (q, J=7,2pCH2) , 
5.72 (q, J=7, 2, 0CH2), 7.69 ( s , 3 , CH3), 8.77 ( t , 
J=7, 3 , CTI3), 8.80 ( t , J=7, 3, CH3), t h e nmr of 45 
i n TFA did not show C-pro tona t ion , i n d i c a t i n g t h e 
occupancy of p o s i t i o n 3 by bulky s u b s t i t u e n t ; mass: 
381 (M+), 308 (base peak, M-73) . 
Anal. Found: C, 66 .06 ; H, 6.10? N, 1 0 . 8 0 . 
C21H23N3°4 r e < J u i r e s : c * 66 .14 ; H, 6 . 0 3 ; N, 11.02%. 
3-(N/N'-Bis(ethoxycarbonyl)hydrazino)-2-methylpyrro-
coline (46) 
A mixture of 2 -methy lpyr roco l ine and d i e t h y l 
azod ica rboxy la t e (3.6 g) i n t o l u e n e (50 ml) was kep t 
a t room tempera ture (35°) i n N2 atmosphere fo r 20 h r . 
The mix tu re was d i l u t e d wi th p e t r o l e u m - e t h e r when a 
c o l o u r l e s s s o l i d c r y s t a l l i z e d ou t which was c o l l e c t e d 
by f i l t r a t i o n and r e c r y s t a l l i z e d from methanol , y i e l d 
1.73 g (72%); mp 137-8° ; i r , \ j f B J 3300 (NH), 1710 
and 1750 (C=0) cm""1; nmr (CDC13) : 1.79 (d, j=7 , 1, 
H-5) , 2.34 (broad s , 1, exchangeable wi th deuter ium 
NH), 2.84 (d, J=7, 1 , H-8) , 3.37 (d t , J=8 and 2, 
1, H-7), 3.59 (d t , J=8 and 2, 1, H-6) , 3.90 (s , 1, 
H - l ) , 5.80 (q, J=7, 2, 0CH2), 5.85 (q, J=7, 2 , 0CH2), 
7.79 ( s , 3 , CH3), 8.77 ( t , J=7, 3, CH3), 8.82 ( t , 
J=7, 3, q i 3 ) . 
Anal . Found: C, 59 .40 ; H, 6 . 6 3 ; N, 1 3 . 5 9 . 
C15H19°4N3 r e q u i r e s : C, 5 9 . 0 1 ; H, 6 .22; N, 13.77%. 
3-(N/N'-Bis (ethoxycarbpnyl) ~N-ethylhydrazi.no) - 2 -
phenylpyrrocoline (47) / 
A solut ion of 44 (0.2 g) in 1,2-dimethoxy-
ethane (DME) (20 ml) was added dropwise t o a s t i r r e d 
suspension of NaH (0.06 g of 50% dispersed in o i l ) 
in glyme (20 ml) » The mixture was s t i r r e d a t 100 
for 2.5 hr in N0 atmosphere/ cooled t o room tempera-
tu re and t o ' t h i s a solut ion of ethyl bromide (0.088 
g) in DME (5-7 ml) was added, and the mixture 
refluxed for 22 h r . After usual work up the N-
ethylated product was obtained. 
3-(N/N*-Bis (ethoxycarbpnyl)-N-ethylhydrazino)-2~ 
phenyl-1-methylpyrrocoline (48) 
This was prepared as above us ing 3-(N, N*~bis 
(ethoxycarbonyl)hydrazino)-2-phenyl-l~methylpyrroco-
l i n e (0.2" g ) , NaH (0.052 g of 50% dispersed in o i l ) 
and ethyl bromide (0,085 g) in DME (50 ml) , 
3-Cyano~2-phenylpyrrocoline (49) and l-cyano-2-phenyl 
pyrrocol ine (50) 
A mixture of 2-phenylpyrrocoline (5 g) and 
benzoyl isothiocyanate (4.6 g) in toluene (200 ml) 
was refluxed a t 130-35° for 20 h r . The solvent was 
removed and the residue t r i t u r a t e d with e ther , the 
so l id was col lected by f i l t r a t i o n and proved to be 
t he un reac ted 2 - p h e n y l p y r r o c o l i n e , The f i l t r a t e was 
concen t r a t ed and chromatographed over n e u t r a l a lumina. 
E l u t i o n wi th benzene:hexane (1:1) fu rn i shed 3-cyano-
2-pheny lpyr roco l ine (49_) as a l i g h t yel low coloured 
s o l i d i n the fou r th f r a c t i o n ; r e c r y s t a l l i z e d from 
benzene-hexane, y i e l d 0%6 g (10.6%), mp 96-7° / i r , 
y f f j 2183 (CSN) cm"1; nmr (CDC1.J: 1.7 (broad d, 
IuuX *J 
J=7, 1 , H-5) , 2.2 (m, 2, ArH) , 2 .4 (m, 3, ArH), 2 .7 
( s , 1, H-8) , 2.9 (dd, Ja=7 and 2 , 1, H-7) , 3 .1 (dd, 
J=7 and 2, 1, H-6) , 3.3 ( s , 1, H-l)? mass : 218 (M+, 
s t r o n g ) , 190 (base peak, M-2S). 
Anal . Found: C, 82 .15 ; H, 4 . 3 5 ; N, 1 2 . 4 3 . 
C15H10N2 r e < 3 u i r e s : c ' 82.56? H, 4 . 5 8 ; N, 12#84%. 
Fu r the r e l u t i o n wi th benzene:hexane (1:1) 
gave i n t h e f i f t h f r a c t i o n a c o l o u r l e s s s o l i d , c r y s -
t a l l i z e d from benzene, y i e l d 0 .8 g (14.1%), mp 100-2° ; 
i r , v ^ S v 2 2 ° 3 t°sN) Cm""1? nmr (CDCl,): 2 (broad d, 
J=7, 1, H-5) , 2 .09-2 .62 (m, 5, ArH), 2.7 ( s , 1, H-8) , 
2.9 (d t , J=7 and 2, 1, H-7) , 3 .3 (dt , J=7 and 2, 1, 
H-6) ; mass : 218 (M+, s t r o n g ) , 190 (base peak , M-28). 
Anal . Found: C, 82.30? H, 5 .06; N, 12 .60 . 
C15H10N2 re<^li-x:eBi c* 82.56? H, 4 . 5 8 ; N, 12,84%. 
2-Methylpyrrocol ine~3-(N-benzoyl ) th ioamide (51) and 
2-methylpyrrocol ine--3- th ioamide (53) 
A mixture of 2 -me thy lpyr roco l ine (2.6 g) and 
benzoyl isothiocyanate (3.3 g) in toluene (50 ml) 
was allowed to stand at room temperature in N2 
atmosphere for 20 hr. A red coloured hexagonal 
crystalline solid gradually separated, which was 
collected by filtration and washed with ether, 
recrystallized from benzene gave 51, yield 4.7 g 
(80.5%), mp 146-7°; ir, V K B r 3323 (NH), 1683 (0=0) 
* max 
cm - 1 ; nmr (CDClg): - 0 . 1 8 (broad d, J=7, 1, H-5) , 1 
(broad s , 1, exchangeable w i th deuter ium, NH), 2.05 
(m, 2, ArH) , 2.55 (m, 4 , ArH, H-8) , 2 .94 (d t , J=7 
and 2, 1, H-7), 3.15 (d t , J«7 and 2, 1, H-6), 3.57 
( s , 1, H - l ) , 7.52 ( s , 3 , CH3) ; mass : 294 (M+, 
s t r o n g ) , 105 (base peak, M-189). 
Anal. Found; C, 69 .45 ; H, 5 .20 ; N, 9 . 0 2 . 
C17H14O N2S r e < 5 a i r e s : c* 6 9 . 3 8 ; H, 4 . 76 ; N, 9.52%. 
The f i l t r a t e was c o n c e n t r a t e d and chromato-
graphed over n e u t r a l a lumina . E l u t i o n w i t h benzene-
hexane furnished a yel low coloured s o l i d , 53, in t h e 
second f r a c t i o n , c r y s t a l l i z e d from CC14 , y i e l d 0 .2 g 
(5.3%); mp 125-26°; i r , ^ K B J 3315, 3215.5 and 
max 
3115.5 cm""1; nmr (CDClg); 2.49 (broad d, J=7, 1, 
H-5) , 3 .01 (m, 3 , H-6, H-7, H-8) , 3.59 ( s , 1, H - l ) , 
4.00 (broad s , 2, vanished a f t e r .deuter ium exchange, 
NH2), 7 .4 (s , 3, CH3); mass : 190 (M+, s t r o n g ) , 174 
(M-16), 173 (M-17), 157 (base peak , M-33), 156 (M-34), 
155 (M-35). 
Anal . Found: N, 1 4 . 7 3 . 
C10H10N2S r e c J u i r e s : N ' 14.58%. 
3-Cyano-2-methylpyrrocol ine (54) and 3-carboxamide-
2-methy lpyr roco l ine (55) 
(A). 2 - M e t h y l p y r r o c o l i n e - 3 - ( N - b e n z o y l ) t h i o -
amide (51.) (0.5 g) was d i s s o l v e d i n a s o l u t i o n of 
KOH (1 g) in 25% e thano l (10 ml) and r e f luxed on 
steam ba th for 5 h r . The s o l v e n t was removed 
in vacuo, t he r e s i d u e was c o l l e c t e d by f i l t r a t i o n , 
d i s s o l v e d i n cone . HCl and d i l u t e d w i t h wa te r , t h e 
s o l i d which sepa ra t ed was f i l t e r e d and c r y s t a l l i s e d 
from methanol , y i e l d 0.12 g (20.1%), mp 184-5° ; 
i r , -A K ^ r 2189.7 (C=N) cm""1; nmr (CDC1_): 1.77 (d, v max J 
J=7, 1, H-5) , 2.52 (d, J=7, 1, H-8) , 2 . 9 5 ' ( d t , J=7, 
1, H-7) , 3.24 ( d t , J=7, 1, H-6) , 3.67 (s , 1 , H - l ) , 
7.52 ( s , 3 , CH.J. 
The filtrate was saturated with solid sodium 
bicarbonate, the product which separated was collect-
ed by filtration and proved to be 3-carboxamide-
2-^methylpyrrocoline (5_5), yield 0.09 g (15.1%), mp 
87-8°; ir, J ^ £ 3303 (NH), 3128 (NH), 1646 (C=0) 
-1 
and 1603 cm ; nmr (CDGU) : 2.6 (broad d, J=7, 1, 
H-5), 3.2 (m, 3, H-6, H-7, H-8), 3.7 (s, 1, H-l), 
4.3 (broad s, 2, vanished a f te r deuterium exchange, 
NH2), 7.4 (s, 3, CH3). 
(B). 3-«Cyano-2-^ethylpyrrocoline (54) was 
also prepared by refluxing 51 (0.3 g) in xylene 
(50 ml) in presence of K2C0'3 (0.5 g) for 5 h r . The 
react ion product was d i lu ted wi th e ther , washed 
with water, dried (Na2S04) and d i s t i l l e d . The residue 
on t r i t u r a t i o n with hexane furnished J54 as colour-
l e s s so l id , yield 0.1 g (62*8%),* i r , V ^ m ^ 2180 
(CSN) cm"1, 
2-Phenylpyrrocoline«-3- (N-benzoyl) thioamide (56) and 
2-phenylpyrrocoline-1-(N-benzoyl)thioamide (57) 
,A mixture of 2-phenylpyrrocoline (0.4 g) and 
benzoyl isothiocyanate (0.36 g) in toluene (30 ml) 
was allowed to stand at room temperature in N2 
atmosphere for 20 h r . The solvent was removed in 
vacuo and the residue on t r i t u r a t i o n with e ther gave 
a dark red coloured so l id , which was f i l t e r e d and 
repeatedly c rys t a l l i zed from benzene t o give 5j6 
as red coloured so l id , y ie ld 0.074 g (10.03%), mp 
153-54°; i r , y)^. 3355 (NH), 1687 (OO) cm""1; 
nmr (CDCl3) j 1 (broad s, vanished after deuterium 
exchange, 1, NH), 3.44 (s, 1, B-l), 2.3-3.09 (m, 
14, rest of the protons)• 
Anal. Pound: C, 74.60; H, 4.89; N, 7.59. 
C22H16ON2S recJuireS! c' 74.15; H, 4.49? N, 7.86%. 
The filtrate was concentrated, washed with 
benzene and repeatedly crystallized from methanol to 
give 57 as a second red coloured solid/ yield 0.09 g 
(12.2%)/ mp 163-64°; ir, \} ^ 3367 (NH), 1682 (00) 
cm ; nmr (CDC13) : 0.75 (broad s, 1, vanished after 
deuterium exchange, NH), 1.15 (broad d, J=8, 1, H-5), 
2.27-3.34 (m, 14, rest of the protons). 
Anal. Found: C, 73.69; H, 5.45; N, 7.79. 
C22H16ON2S r eq u i r e s : c* 74.15; H, 4.49; N, 7.86%. 
1- (N, N' -Bis(ethoxycarbonyl)hydraz ino)-2-phenyl-3-
methylpyrrocoline (59_) 
This was prepared as described e a r l i e r using 
2--phenyl-3-methylpyrrocoline (3.0 g) and d ie thy l 
azodicarboxylate (2.68 g) in toluene (150 ml ) . Chro-
matography of the residue on neu t ra l alumina furnish-
ed 59_ in the second f ract ion using benzene as eluant , 
c ry s t a l l i z ed from methanol as colour less so l id , y ie ld 
0.8 g (16%); mp 129°; i r , Vmax 3 3 5 ° ( N H ) / 1 7 5 ° a n d 
1720 (O=0) cm"1? uv, )s^j£H 224 ( £ , 40023), 253 
( £ , 88300) and 306 (£ , 14550) nm; nmr (CDClg) : 
2.15 (broad d, J=8, 1, H-5), 3.04-3.50 (m, 3, a f t e r 
deuterium exchange 2H, H-6, H-7 and NH, a f t e r addit ion 
of 0,15 molar E u ( f o d ) 3 : two d i s t o r t e d t r i p l e t s fo r 
2H, for h i g h e r f i e l d p ro ton , J ortho=7 and , J meta=2 
and for lower f i e l d p r o t o n J ortho=7 and J 
meta=2), 5.84 (q, J=7, 2, 0CH2), 5.79 (q, J=*7, 2, 
0CH2), 7.59 ( s , 3 , CHg), 8,79 ( t , J=7 and 6, 3 , CH3) ; 
nmr (TFA): 1.5 (d, J b r tho=6 , J meta=2, 1, H-5) , 
1 .84-2.50 (m, 3 , H), 2.84 (broad s , 5, ATH), 4.32 
(q, J=7 , 1 , H-3) , 6.15 (q, J=7 , 4 , OCH^), 8.60 (d, 
J=7, 3 , CH3), 9.17 ( t , J=7, 6, CH3); mass : 381 (M+) / 
307 (base peak, M-74) . 
Anal . Found: C, 6 6 . 3 ; H, 6.38? N, 1 0 . 7 1 . 
C21H23N3°4 re^Li-rGS' c* 66 .14 ; H, 6 . 0 3 ; N, 11.02%. 
l~Cyano-'2~phenyl~3-Hnethylpyrrocoline (60) 
A mix tu re of 3 -methy l~2-phenylpyr roco l ine (3 g) 
and benzoyl i s o t h i o c y a n a t e (2.6 g) in t o l u e n e (50 ml) 
was re f luxed a t 135° f o r 18 h r . The s o l v e n t was 
evapora ted , d r i e d in vacuo., t r i t u r a t e d wi th e t h e r , 
t h e s o l i d which s e p a r a t e d was c o l l e c t e d by f i l t r a t i o n , 
c r y s t a l l i z e d from benzene, y i e l d -2.1 g (62.4%), mp 
169-70°; i r , y j ^ 2100 (C5N) a rT 1 / nmr (CDCl3); 2 .3 
(broad d, J=7, 1, H-5) , 2 . 4 - 2 . 9 (m, 6, ArH, H-8) , 3 
(d t , J=7 and 1 .5 , 1, H-7) , 3 .3 (dt , J=7 and 1.5, 1, 
H-6) , 7.56 ( s , 3, CH3); mass : 232 (M+, s t r o n g ) , 231 
(M-H+). 
74 
1-(1,2~trans~Di(methoxycarbonyl)vinyl)~2-phenyl~3-
methylpyrrocoline (61) and 1-(1,2-cis-di(methoxy-
carbonyl) vinyl) -2-phenyl~3-methylpyrrocoline (62) 
A mixture of 2-phenyl-3~methylpyrrocoline 
(1.5 g) and dimethyl acetylenedicarboxylate (2.5 ml) 
in toluene (60 ml) was allowed to stand at room 
temperature for 20 hr. The solvent was' removed in 
vacuo and the residue chromatographed over neutral 
alumina. Elution with benzenerhexane (1:1) furnished 
61, €52, 6J5 and 6J5 in the first, third and fifth 
fraction respectively; 6J5, yield 0.03 g' (0.8%); 66, 
yield 0.02 g (0.5%); 61, yield 0.15 g (4.2%), mp 
118°, ir. ^ " " «~» -_1-- «*• K%" 22i 
(£;/ 34570), 250 (£, 49930) nm; nmr (CDCl3) : 3.10 
(s, 1, vinylic H), 6.60 (s, 3, 0CH-), 6.4 (s, 3, 0CH.J, 
— — j — j 
7.5 (s, 3, C-CH3); mass: 349 (M+, strong), 290 (base 
peak, M-59). 
Anal. Found: C, 71.70; H, 5.62; N, 3.91. 
C21H19°4N r e c 3 u i r e s : c* 72.20; H, 5.44; N, 4.01%. 
62, yield 0.9 g (25.2%), mp 145°; ir, V ^ 
1727.9 (0*0) and 168$.7 (0=0) cm"1; uV, > ^ ^ H 224 
(£, 29330), 247 ( £, 40469) nm; nmr (CDCI3) : 2.17 
(dd, J=7 and 1.5, 1, H~5), 2.30 (dd, J=7 and 1.5, 1, 
H-8), 2.57 (s, 5, ArH), 3.00 (dt, J=7 and 1.5, 1, 
H-7), 3.25 (dt, .T-7 and 1.5, 1, H-6), 4.15 (s, 1, 
H-l), 6.30 (s, 3, 0CH3), 6.4 (s, 3, 0CH3), 7.67 (s, 
3, CH3); nmr (TFA) : 4.34 (q, J=7, 1, H-3), 8.57 (d, 
J=7, 3/ C-CH3); mass; 349 £M+, strong), 290 (base 
peak, M-59). 
Anal. Found: C, 71.75; H, 5.65? N, 3.78. 
C21H19°4N re<2uires: c' 72.20; H, 5.47; N, 4.01%. 
This reaction was also carried out in methanol 
and the results are given in Table 1. 
2-(2-Phenyl~3-methyl~l~pyrrocolyl)maleic anhydride 
(64) 
1- (I, 2-cis-Di (methoxycarbonyl) vinyl )~2-pheny 1-
3-methylpyrrocoline (0.1 g) was dissolved in e thanol ic 
NaOH (0.1 g in 10 ml of e thanol ) , and allowed to 
stand at room temperature overnight . The solvent was 
removed in vacuo,, the residue dissolved in water, 
ac idi f ied with ace t i c acid to pH 6 .5-6 .8 , the so l id 
which separated was f i l t e red , washed with water and 
dr ied to give 1- (1,2-cis— (dicarboxyvinyl)) -^-2-phenyl-
3-methylpyrrocoline, mp 126-30 . I t was dissolved 
in ace t ic anhydride (3 ml) and heated on water bath 
for 2 h r . Concentrated t o dryness in vacuo; i r , 
VmS 1 8 2 ° and 1 7 5 ° ^cm~1)« 
c i s - 7 l , 8 - D i h y d r o - 4 , 5 , 8 , 9 - t e t r a m e t h o x y c a r b o n y l ~ 7 -
p h e n y l - 7 ' - m e t h y l a z o c i n o ( 2 , 1 , 8 - o d ) p y r r o l i 2 i n e (65) 
&
 ££f£?.-7 ' / 8 - d i h y d r o - 4 , 5 , 8 , 9 - t e t r a m e t h o x y c a r b o n y l -
7 - p h e n y l - 7 ' - m e t h y l a z o c i n o ( 2 , l , 8 ~ c d ) p y r r o l i z i n e (66) 
A mixture of 3 -me thy l -2 -pheny lpyr roco l ine 
(1.5 g) and dimethyl a c e t y l e n e c d i c a r b o x y l a t e (2.5 ml) 
i n t o luene (60 ml) was re f luxed a t 135° f o r 20 h r . 
So lven t was evaporated t o dryness and t h e r e s i d u e 
chromatographed over n e u t r a l a lumina. E lu t i on wi th 
benzene furn i shed i n t h e second f r a c t i o n a mixture 
of 6_5 and 6_6 as yellow coloured s o l i d . The mixture 
was d i s so lved in minimum amount of e t h a n o l and kep t 
overn igh t a t room t e m p e r a t u r e . Cuboid c r y s t a l s of 
65 sepa ra t ed ou t , which were c o l l e c t e d by f i l t r a t i o n , 
y i e l d 0.7 g (19.6%), mp 223-25°; i r ,
 N) K?5 1749, 
1733, 1717.75 (C=0) cm"*1; nmr (CDClg) : 2 .05 (s , 1, 
H-6) , 2 .07-2 .77 (m, 7, ArH, H- l , H-3) , 3.55 (dd, 
J=13 and 6, 1, H-2) , 5.54 ( s , 1, H-8) , 6.19 ( s , 3 , 
0CH3), 6.24 ( s , 3 , 0CH3), 6 .25 ( s , 3, OCHg), 6.34 (s , 
3 , 0CH3), 8.47 ( s , 3 , CH3); nmr (1 molar E u ( f o d ) 3 ) : 
- 0 . 1 1 (d, J=6, 1, H-3), - 0 . 0 1 (d, J=13 , 1, H - l ) , 
0.79 (s , 1, H-6) , 1 .29-1.64 (m, 2, ArH), 2 .17-2 .55 
(m, 3 ArH), 3.14 (q, j=13 and 6, 1, H-2) , 3.75 (s , 
1, H-8) , 4.04 ( s , 3, 0CH3), 4.7 ( s , 3 , 0CH3), 5.32 
( s , 3 , 0CH3), 5.69 (a, 3 , 0CH3), 7 .49 (s , 3 , C-CH3) ? 
mass: 491 (M , medium). 
Anal. Found: C, 65 .65 ; H, 5 .48 ; N, 2 . 5 2 . 
C27H25N08 r e < J u i r e s « c* 65 .98 ; H, 5 .09 ; N, 2.80%. 
The mother l i q u o r was kept a t 0 o v e r n i g h t , 
when yellow c r y s t a l s of 66_ s epa ra t ed o u t , whi'ch was 
c o l l e c t e d by f i l t r a t i o n , y i e l d 0 .2 g (5.6%); mp 
212-13°; i r , - j )JJ^ 1739 .7 , 1712.6 (O»0) cm"1; nmr 
(CDC13): 2.10 ( s , 1 / H-6) , 2 .27 -2 .92 (m, 7, ArH, 
H - l , H-3) , 3.59 (dd, J=13.5 and 6, H-2) , 6.05 (s , 
1, H-8), 6.27 ( s , 3, 0CH3), 6.30 ( s , 3 , 0CH3), 6.34 
( s , 3 , 0CH3), 7 .0 ( s , 3 , OCH3), 8.17 ( s , 3 , OCH-j); 
nmr (0.64 molar Eu( fod) 3 ) : ' 1.14 ( s , 1 , H-6) , 1.15 
(d, J « 1 3 . 5 , 1, H - l ) , 1.54 (d, J=6, 1, H-3) , 1 .6 -
1.95 (m, 2, ArH), 2 .12 -2 .55 (m, 3, ArH), 3.25 (dd, 
J=13.5 and 6, 1 , H-2), 4.12 ( s , 1, H-8) , 5.25 (s , 
3 , 0qH3), 5.39 ( s , 3 , 0CH3), 5.77 ( s , 3 , 0CH3), 6.19 
( s , 3, 0CH3) , 7.77 (s , 3 , C-CKU); mass : 491 (M+, 
medium). 
Anal . Found: C, 66 .00 ; H, 5 .42 ; N, 2 . 4 1 . 
C27H25°8N r e < 3 u i r e s : C/ 65 .98 ; H, 5 .09 ; N, 2.85%. 
This r e a c t i o n was a l so c a r r i e d ou t i n o t h e r 
s o l v e n t s and t h e r e s u l t s a r e d e s c r i b e d in Table 1 . 
\-=\3£ 
3-(2-Bthoxycarbonyl)vinyl-5-phenyl-6-methyl~8-
ethoxycarbonyl~9~aza-bicyclo(5.3.1)undeca--l, 3 , 4 ,6 ,8 -
pentaene t (67) 
Ethyl p rop io la te ,(2.1 ml) was added to a 
solut ion of 2-phenyl~3Hnethylpyrro<x>line (3.0 g) 
in toluene (150 ml) a t room temperature and the 
mixture refluxed for 20 hr in N~ atmosphere. Toluene 
was removed in vacuo, the residue was dissolved in 
benzene and chromatographed over a column of neut ra l 
alumina. The unreactod pyrrocol ine was recovered 
from the e a r l i e r f rac t ion , while the l a t t e r f rac t ion 
on work up gave <57 as l i g h t brick coloured amorphous 
so l id , c rys t a l l i zed from acetone-hexane, y ie ld 0,6 g 
(12%), mp 156-57°; i r , J * ? * 3350 (NH), 1725 and 
v
 ITlaX 
1700 (0=0) can"1; uv, ^JJ£ H 222 (£ , 27592), 243 
{(. , 23961), 276 (£, 11190), 325 (£, 11981) nm; 
nmr (CDClg): 1.45 (broad hump, exchangeable with 
deuterium 1, NH), 2.17 (m, 1, H-2), 2.47 (s, 1, H-7), 
2.5-3.00 (m, 9, ArH; CH=CH, H-l, H-4), 5.67 (q, J=7, 
2, 0CH2), 6.00 (q, J=7, 2, OOI2) , 8.35 (s, 3, q* 3), 
8.72 (t, J=7, 3, CH3), 9.02 (t, J=7, 3, CH3) ; mass: 
403 (M , strong), 402 (base peak, M-H+), 357, 311, 
283, 257, 229 and 202, another mode is 328, 284, 269 
and 241. 
Anal. Pound: c, 74.75; H, 6.50; N, 3.12. 
C25H25N04 re3UireS: C, 74.44; H, 6.20; N, 3.47%. 
TABLE 1 
Effect of solvent and temperature in the cycloaddition 
of 2-phenyl~3-inethylpyrrocoline, and dimethyl acetylene-
dicarboxylate 
—r 
s i . I 
No. X 
L 
i r 
X T e m p . X_ Solvent t 
X 
X 
X 65 66 
Yield % 
6 1 62 63 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
Toluene 
Dioxane 
Nitromethane 
M,N-Dimethyl-
form amide 
Toluene 
Methanol 
130 
130 
130 
130 
35 
35 
19.6 
25.2 
0 . 5 
18.2 
0 . 8 
_ 
5 .6 
2 . 8 
(mixture of 
65 & 66) 
1.4 
0 . 5 
_ 
-
-
1 . 1 
0 . 8 
4 . 2 
11 .2 
-
-
-
5 .6 
25.0 
1.4 
14.0 
TABLE 2 
Effect of solvent, 
the reaction 
X 
t1' Y Solvent No. X 
X 
1. Toluene 
2
 e Toluene 
3. Nitromethane-
4. Toluene 
5. Methanol 
6. Nitrometh ane 
"
d3 
of 2' 
I 
X 
I 
X 
, temperature and catalyst (5% 
-phenylpyrrocoline and 
enedicarboxylate 
Temp. 
°C 
120 
120 
120 
35 
35 
35 
K 
X 
X 
X 
Catalyst 
5% Pd-C 
-
-
-
-
— 
I 
I 
i 
X 
dimethyl 
36 
37.00 
32.01 
35.50 
24.80 
7.10 
32.00 
Pd-C) in 
acetyl-
Yield % 
I 
x a 
9.50 
21,30 
14.20 
24.10 
64.00 
20.00 
TABLE 3 
Effect of solvent in the reaction of 2-rnethylpyrrocoline 
and dimethyl acetylenedicarboxylate 
Yield % 
if- * Solvent J Tf*>'" J T-
NO
* 1 \ ° C 1 a } « 
1. Toluene 35 16.50 19*20 
2. Nitromethane 35 15.00 23.00 
3. Methanol 35 34.00 4.63 
BIOLOGICAL ACTIVITY 
R e p r e s e n t a t i v e compounds _46, 51 and 60 were 
t e s t e d f o r t h e i r e f f e c t s on the c e n t r a l nervous and 
c a r d i o v a s c u l a r systems and fo r t h e i r a n t i - h e l m i n t h 
and a n t i - a l l e r g i c (anti-PCA) a c t i v i t i e s by s t anda rd 
methods i n t h e D i v i s i o n of Pharmacology, C e n t r a l 
Drug Research I n s t i t u t e and t h e r e s u l t s a r e g iven i n 
Table 4 . These "compounds showed weak CNS s t i m u l a n t 
and mild blood p r e s s u r e lowering a c t i v i t i e s . 
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3. 60 800 160-SMA t? 1.0-BP |24 , Tr. NA NA 120 64 
React-, -f ; 
Piloerection; 
Barbiturate 
antagonism 35%. 
400-SMA ft 
Resp. ^y-
Writhing; 
React, f1; 
Piloerection. 
ALDcQ^approKlmate LDr^; SMA=spontaneous motor act ivi ty ; Resp#=*respiration; 
Re act . »re act ivi ty; Tr.=transient; PCA=passive-cutaneous-anaphylaxis; 
p.o.=per oral? ^ ^stimulation or increase; v =depression or decrease; 
NA=not active; and -=not tested. 
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SYNTHESIS OF PROSTAGLANDIN ANALOGUES 
I N T R O D U C T I O N 
The prostaglandins are a family of naturally 
occurring C20—hydroxy fatty acids found widely 
distributed in tissues of mammals, amphibia and even 
corals. These substances were first isolated in 
1 2 
1935 by VonEuler and Gold Blatt from human semen 
and some twenty years later their structure was 
3 
elucidated by Bergstrom and Sjovall , based very 
largely on mass spectral evidence. 
Classification 
The six parent compounds which possess high 
biological activity have been identified as C2Q 
unsaturated hydroxy fatty acids with a cyclqpentane 
ring at C8-C12. The two most important series/ the 
PGE and PGP types differ only in the presence of a 
ketone or hydroxyl function at Cg and both series 
possess hydroxyl grcup at C,, and C,
 5« Prostaglan-
dins of the same series differ in the degree of un-
saturation as indicated by subscript PGK,, PGE2 or 
PGE3« In presence of weak aaid or alkali the PGE 
compounds readily undergo dehydration within the ring 
which results In the formation of PGA compounds. In 
the presence of stronger alkali the A 10/11 bond 
migrates to the 8,12 position, leading to the forma~ 
tion of a fourth series of compound sailed PGBfs. 
^O'<CH2)6C02H 
HO 
C5H11 
OH 
HO 
PGE, PGF loC 
8 ^(CH2)6C02H (CH2)6C02H 
OH 
PGA. PGB 
General approaches to prostaglandins 
syntheses 
Prostaglandins E and F type having a tetra-
substituted cyciopentane ring with 3 and 4 assymetric 
centres do provide a g reat synthetic challenge. And 
in view of their marked and potentially useful bio-
logical activities no other class of compounds have, 
of recent years/ attracted as much attention as these. 
It is a great tribute to the maturity of the art of 
organic synthesis that a number of very novel and 
elegant stereospecific syntheses have been developed 
for the synthesis of prostaglandins. A few of such 
approaches and their special features are described 
below. 
The first total synthesis of dl-PGE. and its 
15-epimers carried oat by Corey et al. has the 
following main features:-
(a) First is the use of lithio derivative of 
2-n-amyl-l,3-dithiane as the starting material/ 
which on the one hand possesses an incipient keto 
group while on the other it proviSs strongly nucleo-
philic carbon for the introduction of a desirable 
substituent. Moreover/ the thioketal unit can be 
cleaved under very mild conditions. 
BrH 2 Q 
+ »or 
x
—s \ 
3 
O2N Jc^e™ 
(CH2)6GN 
(b) Second important feature is the genera-
tion of sensitive fl-ketol unit at the end of the 
synthesis. In. view of its chemical instability this 
step is combined with the final cyclization step. 
Moreover the use of amino group as a potential keto 
group at Cg minimizes the pH-susceptlbility of 
^-ketol system and could selectively be converted 
into keto group under very mild conditions. 
CO 
t 
NH 
AcO 
x\ (CH0)-CN 
^ - > U 
V . x * ^ 2 )6 C N 
HO W ^"OH 
C5H 
Corey's second synthesis of dl-PGE^ involves 
the stereospecific cyclization of the nitro Tcetal 8 
with stannic chloride in acetone/ where the product 
9, was obtained essentially free of the 11 (3-epimer 
with 13/14-double bond trans. 
NO. 
(CH )6CN 
2 .C 5H n 
NO, 
HO 
,*(CH )gCN 
C5H11 
8 9 
A stereocontrolled synthesis of PGE2 and 
PGF2(?C described by Corey et aU involves the use 
of thallous cyclopentadiene (10) which has several 
advantages over the use of conventionally employed 
a l k a l i meta l s a l t s . One of t h e advantages i s t h e 
ea se of s t o r a g e and hand l ing s i n c e t h a l l e u s c y c l o -
p e n t a d l e n e i s r e l a t i v e l y s t a b l e i n a i r . 
The novel f e a t u r e of t h e s y n t h e s i s c o n s t i t u t e s 
t h e u s e of Qi(BP 4 ) - as a c a t a l y s t i n t h e D i e l s -A lde r 
r e a c t i o n of 2 -ch loro a c r y l o n i t r i l e wi th 5-*nonosubstl~ 
t u t e d cyc lopentad iene J 4 . Cu(HF4)2 , because of i t s 
h igh d i s s o c i a t i o n c o n s t a n t i n i n o r g a n i c s o l v e n t s 
l e a d s t o t h e easy g e n e r a t i o n of Oi^ d u r i n g t h e course 
of r e a c t i o n and t h e r e a c t i o n t a k e s p l a c e even a t room 
t empera tu re i n ove r 80% y i e l d . Moreover, 2 - c h l o r o -
H 
HiH^COHg 
0 
Q ?i* 
~ ^CH-OCH^Ph 
^ \ ] \ . 
PhCH^OCH^Cl ' H 
H2C=C 
* 
CN 
10 11 
R - CI 
= G0C1 
12 
a c r y l o n i t r i l e which a p a r t from i t s h i g h d i e n o p h i l l c 
r e a c t i v i t y can r e a c t s e l e c t i v e l y wi th v a r i o u s 5 -
s u b s t i t u t e d cyc lopen tad iene w i thou t p r o t o t r o p i c 
rear rangement t o form adduct 12 i n which t h e seven 
s u b s t l t u e n t i s e x c l u s i v e l y a n t i t o t h e b r i d g e 
b e a r i n g t h e ch loro o r chloroformyl g roup . 
The other important aspect of the synthesis is 
the elegant build up of an intermediate .13 with four 
of the five assymetric centres correctly ^ ssambled 
for PGF2 This^ intermediate is useful for the- pre-
K
 OH 
> CL-> 
Act) 
13 
OH 
PGF e< 
~> PGE^ ^'•PGEX 
paration o£ all the resolved forms of prostaglandins. 
The use of hemiacetal moiety in 1,3_ for the stereo-
specific introduction of cis--5# 6-double bond in the 
side chain is beautiful application of already 
reported methods of introducing els-double bond by 
the opening of hemiacetal linkage. 
The selective reduction of 5,6-double bond in 
the conversion of PGE2 to PGE, depends on the screen-
9 7 
ing of the 13,14-double bond by the two tetrahydro-
pyranyl groups. 
The synthetic approach to didehydroprostaglan-
d i n
 2&. v i a 13 type of intermediate 15,is recently 
7 
reported by the Upjohn group. 
HO 
8 Total synthesis of PGC2 methyl ester was 
affected from the lactone alcohol _17 via the aldehyde 
18 in a series of reactions. 
0 
Bz6 
C02Me 
C5H11 
OH 
17, R=CH2OH 
18, R=CHO 
PGC2~methyl ester 
Synthesis of key prostaglandin intermediate 
19 has been performed in an ingenious manner by 
cyclization of 20_.9 The 20 to 19 change mimics 
remarkably a possible mode of formatdLon of the key 
endoperoxide 21, an intermediate in the biosynthesis 
of prostaglandin from 22. which in turn could arise 
from arachidonic acid (2 3). 
99 
BicyclohexaPe route to PGs 
The first total synthesis of dl-PGE2 and PGF2<^ 
was reported by Upjohn group. The interesting 
feature of this synthesis is the stereospecific intro-
duction of trans-13,14-double bond as well as llc^-OH 
group by the use of cyclopropyl sarbinol moiety in 
24. The generation of cyclopropyl carbinyl cation 
25, followed by rearrangement of the cyclopropane 
ring and the attack of the hydroxyl group in SN 
fashion affords the desired isomer exclusively. 
02CH2CC13 
(CH2)3C02 
CH2CC13 
24 25 
-> 
(CH2)3C02H 
rn.—PfJTS. 
10."» 
Synthesis of dl-7~oxa-PGF,^ was described by 
11 ^ 
Fried and coworte rs , The elegant part of this 
approach was the novel use of diethyl octynylalane to 
achieve regioselectivity in epoxide ring opening. 
The same synthetic principle was again applied 
12 
by Fried group in the synthesis of PGF and PGE but 
involving an improved method of epoxide ring opening. 
The intermediate 26, was designed such as to provide 
an additional oxygen atom at appropriate position 
relative to the epoxide ring so that complexing of 
that oxygen with the alane would produce a cyclic 
transition state 27 favouring the bond formation with 
C, 
'12* 
OR 
iVV^ ^r O R r> TT 
,*° ^ ^ ^5 H 11 
+ Me A l C ^ C — C X / 
101 
The use of oxygen f u n c t i o n a l i z e d v i n y l copper 
r e a g e n t 1 3 2£ and 3 ( s ) - ( o C - e t h o x y ) e t h o x y - ; L - : L i t h i o " " 1 -
t r a n s - o c t e n e (30) fo r I n t r o d u c i n g 8-carbon s i d e 
chain wi th 1 5 ( s ) - c o n f i g u r a t i o n v i a 1 , 4 - a d d i t i o n ac ross 
t h e double bond i n 31. h a d a l so been r e p o r t e d i n 
l i t e r a t u r e . 
LiCu ^ CCH,, . 
5 11- \ o 
L i
- V ^ - 4 / C5HH V/ ( C H 2)6C02CH5 
y 
0C(Me)20Me/ °^^ R ° 
21 30 31 
A highly stereoselective prostaglandin synthesis 
15 is recently reported by Corey et _al. which 
involves an attractive interaction .in stereochemical 
control of carbonyl reduction resulting in efficient 
generation of 15 (S )-conf iguration, in the side chain. 
When the suitably substituted 11 cC-hydroxy 
derivative _32 is treated with alkyl borohydride 
reagent the reduction products 15 (s) .33 and 15 (R) 34 
are formed in a ratio of 92:8 in quantitative yield. 
The noteworthy feature is substitution of ll-hydroxyl 
group by a suitably chosen substituent which controls 
the stereochemistry of reduction by an attractive 
102 
interaction between ester and enone units. This inter-
action is thought to stabilize the S-cis form of the 
enone and simultaneously to block delivery of hydride 
from one of the two possible directions. 
A 
RO :6 *° R i ^ 
C 5 H 1 1 
32 _33_' R ssOH, R2=H 
R=p-PhC6H4NH.CO 1 1 ' R1=H / R2=OH 
A h i g h l y s t e r e o s e l e c t i v e s y n t h e s i s o f PGF2&C> 
was d e s c r i b e d i n v o l v i n g t h e f o r m a t i o n of b i c y c l o ( 3 , 3 / O ) 
o c t a n e i n t e r m e d i a t e . 
The s a l i e n t f e a t u r e i s t h e u s e of r e a d i l y 
a c c e s s i b l e b i c y c l o p e n t a d i e n e as s t a r t i n g s u b s t r a t e 
* 
followed by subsequent cleavages of the double bonds 
leading to the formation of intermediate J35 with all 
the required chiral centres. 
17 Sih et al. recently described a synthesis 
of PGE^ involving a microbial method for a crucial 
stereospecific reduction and for ester hydrolysis at 
the end. The tricone 38 was converted to the 4(R)-
1 
~ > 
- > — > 
> 
OH 
OH 
36 
35 -
—J> — > PGF 
C 5 H 1 1 
2< 
15 e p i PGF2eC 
H*J 
OH 
C 5 H 1 1 
37 
alcohol 3_£ by incubation with Dipodasois uninucleatus 
in excellent yield. The hydrolysis, of the methyl 
ester 40 to PGE, has been affected by exposure to 
Khizopus oryzae. This method appears suitable for 
large scale preparation of PGE,. 
(CH_),COQMe 2 b 
38 
" > 
\ ^ •(CH ) COOMe 
o^i 
39 
,(CH2)6C02R 
OH 
40/ R « Me; 
PGE../ R as H 
C5H11 
OH 
Recently a synthesis of PGF„ .- was reported 
18 by Woodward . The important aspect of the synthesis 
is the use of readily accessible starting substrate 
phloroglucinol leading to the formation of inter-
mediate 41 in a series of reactions/ the opening of 
which leads to the formation of key prostanoid inter-
mediate 42 having all the required chiral centres. 
The synthesis is operationally simple/ basically 
efficient and broadly applicable. 
1 0 J 
OH 
.v^H 
~^ — ^ — - ^ 
OCH. 
> 
OH 
4 1 
OMe 
HO 
42 
NaNO, 
NH2.HCa 80°/ f 
-~> — ^ dl-PGF 2K 
An unexoected source of p r o s t a g l a n d i n s which 
might compete wi th t h e syn theses d i s c u s s e d i s t h e 
19 c o r a l plexaurahomomalla which has been shown t o 
con ta in PGA^ and i t s C,^-epimers , t h e s e have been 
20 
conver ted i n t o PGE~ and PGF , , 
21 
.Recent ly , Corey e t a l . r e p o r t e d a novel and 
e f f e c t i v e method for ex tend ing the p r e v i o u s l y develop-
22 
ed general route to prostaglandins to the prosta-
glandin C (PGC) series. The members of the PGC 
series are of considerable interest fo.r a number of 
reasons including the fact that they appear to have 
substantially greater depressor activity than the 
71 
PGAs, The lactol 43 available by a highly stereo-
selective and efficient synthetic route can be trans-*-
23 formed in to PGA? and thence to various PGs. Reac-
t ion of 43 with 2-equivalents of tr i irondodecacarbonyl 
43 44 
QH 
/N^/^Vs'V 
(CO) 
• > 
OTHP 
(CH2)3C02H 
4 6 / R = THP 
PGC2 , R a. H 
i n d i m e t h o x y e t h a n e a t 9 5 ° c f o r 30 m i n u t e s a f f o r d e d t h e 
s t a b l e d i e n e complex 44/ wh ich was c o n v e r t e d t o 4 5 . 
C o l l i n s o x i d a t i o n o f 45 a f f o r d e d PGC (46) i n 80% 
y i e l d which was t h e n t r ans f -^ r t t ed t o PGC2„ Removal of 
i r o n from t h e d i e n e - F e ( C O ) 3 complex 45 r e p r e s e n t a 
n o v e l and e x t r e m e l y m i l d method f o r t h i s o p e r a t i o n . 
One pathway for the deactivation of PGA2 in 
24 
mammalian blood is the conversion via PGC2 to PGB2. 
25. 
In view of t h i s p o s s i b i l i t y Corey e t j l . s y n t h e s i s e d 
8-methyl PGC2 (47)/ a subs tance which i s s t r u c t u r a l l y 
p r o t e c t e d a g a i n s t t r a n s f o r m a t i o n t o t h e PGB2 s e r i e s . 
The b i o l o g i c a l a c t i v i t y of 47 was 10-30 tiroes g r e a t e r 
t han t h a t of 4J3 in s t i m u l a t i o n of c o n t r a c t i o n of 
smooth muscle (guinea p ig) u t e r u s , sugges t ing t h e 
t e n t a t i v e c o n f i g u r a t i o n a l assignment i n d i c a t e d h e r e i n . 
0, CH (CH2)3C0R» ft CH (CH^COR* 
R«=R»=H 
47 
R»=R"=H 
48 
Prostaglandin analogues 
The wide range and very high order of b i o -
log ica l a c t i v i t i e s exhibited by prostaglandins/ some 
of which appear to be of therapeut ic p o t e n t i a l , 
have sharply focussed a t t en t ion on t h i s group of 
biodynamic agents, and there has been intense research 
activity in this area over the past decade. Prosta-
glandins are being used in a number of disease condi-
tions
 t which include bronchial asthma, gastric hyper-
secretion , hypertension and nasal congestion. The 
most important and promising area of application of 
PGs of course is in the termination of pregnancy and 
their possible use in controlling various stages of 
reproductive cycle. Because of the overlapping bio-
logical activities of the presently available PGs, 
their clinical usefulness in controlling human repro-
duction is limited by the associated weak to strong 
side effects. 
Although some biological actions are common to 
most of the natural PGs, each group has certain more 
pronounced actions/ which points to the possibility 
of dissociation of these activities by structural 
modification. Therefore/ in a search of PGs with 
selective and specific action, without associated 
side effects, an intense molecular modification pro-
gramme is on. 
The presence of PGs in the gastrointestinal 
tract of several species and their effect on gastric 
and intestinal strips in vitro have led to studies 
on action of PG on gastric secretions. Prostaglandins 
E
 t s, and A are powerful inhibitors of basal 
gastric secretion. Amongst the prostaglandin analogues 
11-deoxyprostaglandins exhibit a high level of 
inhibitory activity against gastric secretion in rat . 
Racemic ll~deoxy-13,14-dihydro PGE^ was about half 
as active as PGE, when examined for i ts effects on 
pentagastrin-stimulated gastric add secretion in 
rats. 
Like smooth muscle elsewhere, bronchial and 
tracheal muscle of many species is sensitive to 
prostaglandins. Information is available concerning 
the actions of prostaglandins E, and E2 and PGF2oC . 
PGE-, and PGE2 are bronchodilators in several species, 
27 2R 2Q 
both in vitro ' and in vivo. PGFs have subse-
28 
quently been shown to be bronchoconstrictors. 
Although the PGEs in general produce vasodilation, 
PGE^ and PGE2 induce a constriction in blood vessels 
of the nasal mucosa. The increased nasal potency 
observed with these compounds had led to clinical 
trials of PGE^ and PGE2 as decongestants in human 3o 
volunteers. 
One of the first observed effects of prosta-
glandins was vasodepressor activity produced when 
extracts of seminal fluid were injected into animals. 
The PGEs uniformly lower systemic arterial blood 
pressure when injected intravenously into a wide 
range of animal species. The prostaglandins A^'and 
A are potent blood-pressure lowering agents in dog 
and rat.31*23 PGFi<*. a n d PGF2<< though vasodepressor 
34 35 in the cat and rabbit, ' raise blood pressure 
in rat, dog, and humans • intravenous infusions 
of PGE, in humans produce an increase in heart rate 
and fall in arterial blood pressure. Infusions of 
PGF2(X» in humans cause no changes in heart rate and 
38 
arterial blood pressure. PGA, and PGAg lower the 
blood pressure of hypertensive patients when given 
39 
intravenously. 
The b io logica l actions of PGs on animal and 
human reproduction t i s s u e vary, depending upon the 
p a r t i c u l a r prostaglandin and the hormonal s t a t e of 
the t i s s u e . PGE,, PGE_ and .PGE^ decrease tonus, f r e -
quency and amplitude of spontaneous contract ions of 
40 41 human u t e r ine s t r i p s . ' The same effects were 
produced by PGA ,^ PGA2, PGB-, PGB and t h e i r co r r e s -
ponding 19-hydroxy d e r i v a t i v e s / but higher doses were 
42 43 
requi red . * In con t ra s t , PGF, . and PGF0a<. caused lc< 2°^  
44 Ac: 
contraction of isolated myometerial strips. ' It 
has been noted that while PGF, . and PGF^^. induce 
l^ 2{* 
contraction of all segments of the human fallopian 
tube, the PGEs only contract the upper segment nearest 
111 
t o the u terus cr.using re laxa t ion i« the lower seg-
mon t . 4 3 " 4 5 
The r e s u l t s of these numerous s tud ies on the 
effect and mechanism of action of prostaglandins on 
reproductive organs have given the background informa-
t i on for the c l i n i c a l t e s t i n g of PGs. The most widely 
tes ted prostaglandins in o b s t e t r i c s are P Q F ^ and 
PGE, for/ (a) labour induction, (b) induction of 
therapeut ic abort ion, and (c) f e r t i l i t y con t ro l . But 
these na tura l PGs occasional ly do not cause complete 
expulsion of the foetus , have varying side e f fec t s , 
have very short h a l f - l i f e and cannot be used o r a l l y . 
Therefore, for f e r t i l i t y control the re i s need t o 
develop new prostaglandins which wi l l have spec i f i c 
act ion on the u te rus , and w i l l not suffer from these 
shortcomings. Similar ly , there i s need t o have 
spec i f ic antagonist for these prostaglandins so as to 
be able to counteract / terminate t h e i r ac t ion . 
Amongst the large number of prostaglandin 
analogues synthesised perhaps the most i n t e r e s t i n g 
have been 7 -oxa- , 1 1 15-methyl2 0 and 16,16-dimethyl4 6 
analogues PGE and F type . 
The synthesis of 1-oxa-analogues of p r o s t a -
glandins has been used as an approach to the synthesis 
of prostaglandin antagonis t . I t has been reported t h a t 
1 1 J) 
7-oxa p r o s t a g l a n d i n analogues w i th f i v e and s i x -
membered r i n g s (49, 5o) produce i n h i b i t i o n of PGE,-
induced c o n t r a c t i o n s on i s o l a t e d gu inea -p ig i leum/ 
47.48 
r a b b i t duodenum and g e r b i l co lon . * This i n h i -
b i t i o n i s s p e c i f i c s i nce t h e s e compounds produce 
l i t t l e o r no i n h i b i t i o n of h i s t amine o r a c e t y l - ' 
cho l ine- induced c o n t r a c t i o n s on the g u i n e a - p i g i leum. 
7-Oxa-13-pros tynoic ac id d e r i v a t i v e s 5JL, 52 
an tagonize PGE,-induced c o n t r a c t i o n s on i s o l a t e d 
48 49 g e r b i l co lon . * The i n h i b i t i o n i s no t f u l l y 
s p e c i f i c s i n c e c o n t r a c t i o n s due t o h i s t a m i n e and 
a c e t y l c h o l i n e are a l s o reduced . I n t e r e s t i n g l y , 7 -
oxa -13-p ros tyno ic ac id (19396) i n h i b i t cyclic-AMP 
formation induced by PGE,, PGE2 and LH in mouse 
o v a r i e s . 
2 n 
n=l o r 2 
49 
19395 
50 
19747 
,C0„H 
19396 
1 
In an approach to increase the half-life of 
natural prostaglandins the synthesis of 3-oxa and 
15-methyl and 16,16-dimethyl prostaglandin has 
been carried out, as these substituents were expected 
to inhibit the attack of lS-hydroxy-prostaglandin 
dehydrogenase which is the f i rs t attack in the bio-
inactivation of prostaglandins. Both these types of 
analogues have been found to be active* The dl-3-
oxa-PGE, was less active than PGE, • Greater success 
was achieved with the 15-methyl compounds because the 
15-methyl analogues of PGF,^ * PGF2oC a n d P G E 2 w e r e 
not substrates for the 15-hydroxy-prostaglandin de-
hydrogenase enzyme and they showed good smooth muscle 
contracting activity* In human, the 15-methyl 
M 
analogues of PGE2 (methyl ester) and PGF2o<_ were more 
potent and had a longer half-life than the parent 
51 
compounds in causing uterine contractions. 
CHAPTER I I 
(A) SYNTHESIS OF AROMATIC ANALOGUE OF 
PROS TAGLANDIN: 7 - ( 5 - ( 3 - H Y D R O X Y -
OCTYL-2 , 4-DIHYDROXYPHENYL) -HEPTA-
NOIC ACID 
(B) ATTEMPTED SYNTHESIS OF CYCLOHEXANE 
ANALOGUE OF PROSTAGLANDIN: 4 - ( 6 -
CARBOXYHEXYL)-3- (3-HYDROXY-l-
OCTYNYL)- A2-CYCLOHEXENE-l~ONE 
1 
Prostaglandins affect normal functioning of 
the endocrine, reproductive, nervous, digestive, 
respiratory, renal and cardiovascular systems, A 
large amount of current clinical interest in prosta-
glandins is centred around their possible use to 
control reproduction. This interest in the effects 
of prostaglandins on reproductive processes has 
arisen from the implication of PGF2o<» as the uterine 
factor responsible for termination of corpus leuteum 
52 
activity in many species and by the early experi-
53' 54 
ments of Karim, * which implicated prostaglandins 
in human parturition. In addition to this effect 
on ovarian steroidogenic tissue in non-pregnant 
animals, prostaglandins also terminate pregnancy 
55 
when administered to a number of animal species. 
Results of studies todate implicate two generalized 
activities of prostaglandins, alteration of smooth 
M 
muscle contractility and modulation of hormonal 
55 
activity. However, the above work refers to the 
pharmacologic effects of exogenously administered 
PGs and the normal phsyiological role of prostaglan-
dins remains to be elucidated. 
The clinical usefulness of the natural PGs 
to control reproduction is limited due to (i) lack 
of selectivity in their action resulting in side 
effects, (ii) their short half life period, and 
<ii±) lack of action when administered orally. 
Search for analogues of PGs which do not suffer from 
these limitations and which may have improved bio-
logical activity than the naturally occurring prosta-
glandins is thus of immense importance. It seemed 
likely that by suitable molecular modification it 
may be possible to synthesize analogues of PGs which 
may be more selective and specific in their action 
and have longer half life. Thus the size of the five-
membered ring was varied to delineate the role of 
planarity and aplanarity on the biological activity. 
Since in cyclopentanes, four of the five carbon 
atoms are in one plane and the ring has considerable 
planar character, it seemed of interest to synthesize, 
and biologically evaluate the corresponding six-
membered analogues of the type A, B, C, D, E and F; 
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the aromatic analogues would be completely p lanar 
while the cyclohexane would be more aplanar than the 
natura l pros tag landins . Successful synthesis of 
the aromatic analogue of type B i s described here 
and also some exploratory work carr ied out for the 
synthesis of cyclohexane analogues. 
Synthesis of 7-(5-(3-Kydroxyoctyl)-2j4 r 
dihydroxyphenyD-heptanoic acid (B) 
In an exploratory work for the synthesis of 
compounds of type A* intermediates 60 and 6_1 were 
prepared by s imi lar routes as out l ined in Scheme 1/ 
except in the f i r s t step where 54_ and _55 were p r e -
pared by d i f fe ren t methods. 54 was prepared by 
Wittig reac t ion of 2,4-dimethoxycbenzaldehyde with 
d ie thyl methoxycarbonylmethylphosphonate using sodium 
hydride as base whereas 55_ was prepared by Wittig 
react ion using 3-ethoxycarbonylpropenyltriphenyl-
phosphonium bromide in presence of benzoic acid a t 
100 C. Cata ly t ic reduction of the s ide chain double 
bond in 54 and _55 with 10% Pd-C in ethanol resu l ted 
only in the exchange of e s t e r s . Reduction with 
Raney Ni followed by formylation with n-butyl 
dichloromethyl e ther and anhydrous SnCl* and Wittig 
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react ion with dimethyl (2-oxo-heptyl)phosphonate 
using sodium hydride as base gave the product 60 or 
61 in 30.4% and 19.4%, yield respec t ive ly ; 60: nmr 
(CDCl3)*: 2.12 (d, J=17, 1/ v i n y l i c H), 2.62 (s , 1, 
ArH), 3.3 (d, J=17, 1/ v iny l i c H), 3.54 (s , 1, ArH); 
61 : 2.09 (d, J=17, 1, v i n y l i c H), 2.64 (e, 1, ArH) , 
3.25 (d, J=17 , ' 1 , v iny l i c H), 3.5 (s, 1, ArH). 
However, 60 and 61 did not give s a t i s f ac to ry y ie ld 
of the corresponding hydroxy compound 6_2 or 6_3. I t 
i s , however, known t h a t the s ide chain double bond 
i s not necessary for b io log ica l a c t i v i t y and fur ther 
e f for t was, there fore , d i rec ted towards the synttiesis 
of the dihydro analogue of PG of type B. The synthe-
s i s of 7-(5-(3-hydroxyoctyl)-2,4-dihydroxyphenyl)-
heptoic acid B was accomplished as out l ined in 
Scheme 2. 
Introduct ion of Cg-side chain in 2,4-dimethoxy-
benzaldehyde by Witt ig reac t ion with 5-ethoxycarbonyl-
2,4-pentadienyltriphenylphosphonium bromide t o give 
product 6_4 was found to be unsuccessful . However, 
react ion of 2,4-diinethoxybenzaldehyde with e thyl 5-
bromopentanecarboxylate and triphenylphosphine in 
*The chemical s h i f t values are expressed in u n i t s 
and J values are expressed in Hz. Only those r e s o -
nance s ignals which are of importance for assignment 
of s t ruc tu re are descr ibed. 
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presence of ethylene oxide gave the desired product 
65 in 89.8% y ie ld , which was hydrolysed under bas ic 
conditions t o remove the impurity of unreacted Ph3P« 
Es te r i f i ca t ion of the acid 66_ with diazomethane and 
reduction of the side chain double bond with Raney Ni 
furnished 68; nmr (CDClg): 3.67 (s, 1 / ArH), 3.74 
(d, J=7, 1, ArH), 3.09 (d, J=7, 1/ ArH). Formylation 
of 68_ with n-butyl dichloromethyl e ther and anhydrous 
SnCl, in methylene chloride a t 0°C yielded 69; 
nmr (CDC13) : -0 .3 (s, 1, CHO), 2.5 (s, 1, ArH), 3.6 
(s , 1, ^rH). Wit t ig reac t ion of _69 with dimethyl 
(2-oxo-heptyl)phosphonate in presence of sodium 
hydride gave 70 in 28.2% y ie ld ; nmr (CDCl-j): 2.12 
(d, J=17, 1, v iny l i c H), 2.72 (s , 1, ArH) , 3.32 (d, 
J=17, 1, v i n y l i c H ) , 3.57 (s , 1, ArH). Ca ta ly t i c 
reduction of the side chain double bond with Raney Ni 
followed by reduction of the ketone with sodium boro-
hydrlde and bas ic hydrolysis of the e s t e r gave the 
dimethoxy acid 73! in 42% y ie ld ; nmr (CDC13): 3.04 
(s , 1, ArH), 3.5 (s , 1, ArH), 4.22 (br, s," 2H, 
vanished a f te r deuterium exchange). Demethylation 
of 7_3 with pyridine-hydrochloride and ace t i c acid: 
sulphuric acid (6:4) mixture gave t a r r y products . 
Deme-thylation with hydrazine hydrate, KOH and 
ethylene glycol gave the unreacted acid 73. However, 
1 
when demethylation was car r ied out with BBr.,, B 
was obtained in about 15% y ie ld , along with other 
bye-products; nmr (CDC13) :' 2.55 (broad s, 4, vanish-
ed af te r deuterium exchange ArOH, CHOH, COQH), 3.27 
(s , 1, ArH) , 3.74 (s, . 1 , ArH) , 6.07 (broad s, 1, 
CH-0-). 
In an another attempt t o synthesise B with 
improved y ie ld , i t was thought t o s t a r t from d iace-
toxybenzaldehyde, since the hydrolysis of e s t e r t o 
give dihydroxy compound in the l a t t e r s tages would 
be more easy. But t h i s route had to be abandoned 
as the Witt ig react ion of diacetoxybenzaldehyde with 
triphenylphosphine e thyl 5-bromopentanecarboxylate 
and ethylene oxide was found t o be unsuccessful, 
which was the f i r s t s tep of t h i s approach. 
Synthesis of 4-(6~Carboxyhexyl)-3-(3-
hydroxy-1-octynyl) -ZJ> -cyclohexene-1-
one (C) 
Synthesis of C was car r ied out according t o 
Scheme 3 . 
DihydroresorcL nol 7_4 was prepared by ca t a -
l y t i c reduction of resorc inol with Pd/Al, and con-
verted to i t s enol e ther 7J5 by react ion with ethanol 
in presence of c a t a l y t i c amount of p-toluene sulphoni 
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acid by azeotropic removal of water using benzene. 
Alkylation of 75 with ethyl 7-bromoheptoate in 
presence of sodium hydride and benzene gave the 
product 7J5 though in r a the r poor y ie ld ; nmr (CDCl^) s 
6.02 (q, J=7, 2, OCHg) , 5.82 (q, J=7, 2, OCH^), 4.62 
(s , 1, v iny l i c H), The other poss ib le C2-alkylated 
product could not be de tec ted , perhaps t he d i f f i -
cul ty in the abs t rac t ion of v iny l i c proton by a base 
i s the fac tor responsible for se l ec t ive a lkyla t ion 
a t Cg, 76_ on Grignard react ion with 3- te t rahydro-
pyranyloxy-1-octynemagnesium bromide prepared in s i tu 
in THF followed by ac id ic hydrolysis gave the i n t e r -
mediate 7_8 again in poor y ie ld ; nmr (CDC1-): 4.7 
(s, 1, v iny l i c H), 5.9 (q, J=7, 2, 0CH2), 6.4 ( t / 
1, CHO); i r , J ^ J ^ 3400 (OH), 2100 (CSC-), 1745 
(es ter carbonyl) , 1675 (=C-C-). 
0 
In view of the low yield of 78 by this method 
an alternative route for the synthesis of C was 
attempted (Scheme 4) starting with 6_8, prepared as 
described earlier. Basic hydrolysis of 68, gave the 
acid 79. Attempts to reduce 7_9 by the method of 
Birch using Na and liquid ammonia and K and liquid 
ammonia were unsuccessful and acid 79, was recovered. 
However, Birch reduction with Li and liquid ammonia 
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was successful„ The product obtained was subjected 
to acidic hydrolysis without pu r i f i ca t ion to give 
the diketone 80 in 66.5% y i e ld . The complete d i s -
appearance of aromatic and methoxy protons in the 
nmr spectrum of 80 confirmed complete reduct ion. 
Conversion of 80 to enol e s t e r with p_-toluene s u l -
phonic acid in absolute ethanol and benzene was 
unsuccessful . However, treatment with diazomethane 
gave the enol e s t e r 81 in 88.9% y ie ld ; nmr (CDCl3): 
4.65 (s , 1, v iny l i c H), 6.3 (s, 3/ CCHg). The 
s t ruc tu re of 8JL was also confirmed by converting i t 
back to 80 by acid base t rea tment . Grignard r eac -
t i o n of 8JL with 3-tetrahydropyranyloxy-l-octyne-
magnesium bromide prepared in s i t u did not occur. 
The enol e s t e r 81^  was then hydrolysed to enol acid 
and then subjected t o Grignard reac t ion using two 
moles of Grignard reagent . The react ion did not 
occur e i t h e r a t room or a t reflux temperature 
(50 C). The react ion was then carr ied out with 
lithium s a l t of 3-tetrahydropyranyloxy-oct-l-yne 
prepared in s i t u ,at -30°C again no reac t ion occurred 
and s t a r t i n g enol e s t e r 81 was recovered. I t appears 
l i k e l y t h a t the C7-side chain offers s t e r i c hindrance 
for the reagent to approach the keto group. 
1 
Synthesis of 7-(2-(3-HyIroxy-l-octenyl)» 
6-hydroxycyclohexyl)-heptanoic acid (p_) 
The key to the synthesis of D was the prepara-
tion of intermediate 87. The preparation of 87 was 
attempted starting from the anhydride adduct 84 pre-
pared by Diels-Alder reaction of 1-methoxybutadiene 
and maleic anhydride and its conversion to 86 by 
sodium borohydride reduction. 85 was also obtained 
as a minor product along with 8J5. Attempts to reduce 
86 using % mole of LAH at -20°C did not prove to be 
successful. 
0 u 
84 §5 86 87 
Attempts t o synthesize 7-(3<<., 5cC •-dihydroxy•-
2 £3 - (3 oC-hydroxy-trans-l-octenyl) -1 oC-cyclohexyl) -
heptanolc acid (E) floundered at qu i te an e.arly stage 
and deserves only passing mention. Intermediate 91 ' 
was chosen as the key intermediate for the synthesis 
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of E* The p r e p a r a t i o n o f 91 was s t a r t e d from t h e 
a n h y d r i d e a d d u c t 8 8 , p r e p a r e d by D i e l s - A l d e r r e a c -
t i o n of 1 - a c e t o x y b u t a d i e n e and m a l e i c a n h y d r i d e and 
i t s c o n v e r s i o n t o b r o m o l a c t o n i c a c i d 8_9 by t r e a t -
ment w i t h b r o m i n e and sodium b i c a r b o n a t e . The 
a d d i t i o n of b r o m i n e a c r o s s t h e d o u b l e bond f o l l o w e d 
by n e u t r a l i z a t i o n of p o s i t i v e c h a r g e by COO"" g roup 
g e n e r a t e d due t o t h e o p e n i n g of a n h y d r i d e r i n g 
r e s u l t e d i n t h e f o r m a t i o n of 89 w i t h d e s i r e d s t e r e o -
c h e m i s t r y , i . e . , where t h e l a c t o n e r i n g and b r o m i n e 
a r e t r a n s t o e a c h o t h e r . The r e d u c t i v e e l i m i n a t i o n 
of b r o m i n e from j39 w i t h Raney Ni i n p r e s e n c e of 
sodium b i c a r b o n a t e , t r i e t h y l a m i n e o r anhydrous 
129 
potassium carbonate did not prove to be successful. 
Synthesis of 2-(6-<Carboxyhexyl) -3 - (3 -
hydroxy-1-octynyl)- .A -cyclohexene-1-
one (F) 
9J, was chosen as the suitable intermediate for 
the synthesis of F, the preparation of which involves 
Birch reduction of 1,3-dimethoxycbenzene using sodium 
and liquid ammonia to give 1/3-dimethoxy-2,5-dihydro-
benzene (92_) . In the nmr spectrum of 9_2_ aromatic 
protons completely disappeared and vinyl ic protons 
appeared at 5.5 (m, 2, H). Attempts to alkylate 92 
with ethyl 7.-bromoheptoate in presence of butyl 
lithium or sodium hydride were unsuccessful. Alkyla-
tion with K and liquid ammonia gave the desired 
product 9_4 only in t r aces . 
OMe OMe Q 
92 93 94 
In an al ternative approach to these cyclo-
hexane analogues 95 prepared by Diels-Alder reaction 
13 ,•1 
of furan and maleic anhydride, was catalytically 
reduced followed by controlled hydride reduction to 
give 92 in good yield. However, it has so far not 
been possible to open the oxide ring without either 
aromatizing the ring or causing considerable decompo-
sition resulting in the formation of intractable tars, 
97., however, appeared a very suitable substrate for 
95 96 
97 98 
CONHC4Hg 
99 100 
-v v ^ C Q N H C ^ 
C02H 
(CH2)2N 
• 2 5 
C 2 H 5 
101 102 
t h e s y n t h e s i s of compounds of p o t e n t i a l b iodynamxc 
i n t e r e s t . Us ing 95_, 9j6 and 97_ a s i n t e r m e d i a t e s , 
compounds of t h e t y p e £ 8 , _9_9/ 100/ l O l and 102 were 
p r e p a r e d and s u b m i t t e d f o r b i o e v a l u a t i o n . 
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The melting poin ts were determined in a H2S04 
bath and are uncorrected• TLC was carr ied out on 
s i l i c a gel G p l a t e s . The compounds were rout ine ly 
checked by i r and uv spectroscopy on Perkin-Elmer 
Infra-cord and Beckmann model 202 uv spectrophoto-
meter respec t ive ly , NMR were taken on Varian A60D 
and Varian 220 instruments a t 60 and 220 MHz in 
CDCl3 and chemical sh i f t expressed in 1* u n i t s using 
TMS as i n t e rna l reference, and J values are expressed 
in Hz, 
Methyl 3-(2 ,4-dimethoxyphenyl)-acrylate (54) 
A solut ion of d ie thyl methoxycarbonylmethyl-
phosphonate (9,1 g) in dimethoxyethane (10 ml) was 
added dropwise to a suspension of NaH (2,8 g of 50% 
dispersed in o i l ) in dimethoxycethane (20 ml ) . The 
mixture was s t i r r e d a t room temperature for 1 h r 
t i l l a white f luffy p r e c i p i t a t e was obtained. To 
t h i s a so lu t ion of 2,4-dimethoxybenzaldehyde (8,4 g) 
in dry dimethoxyethane (10 ml) was added dropwise. 
The react ion mixture was allowed to s t i r a t room 
temperature overnight, a f t e r which i t was poured 
in to water, sol id separated was col lec ted by f i l t r a -
t i on , r e c r y s t a l l i s e d from benzene in colourless 
c r y s t a l s , yield 8 g (71.2%), mp 85-87°; nmr (CDC13): 
2.05 (d, J=17, 1, v iny l i c H) , 2.6 (d, J=8, 1, ArH-6'), 
3.49 (d, J=8, 1, ArH-5'), 3.5 (s, 1, ArH-3«), 3.6 
(d, J=17, 1, v iny l i c H) , 6.15 (s , 3, 0CH3) , 6.19 (s, 
3, OCH,), 6.22 (s, 3, 0CH-). 
, Anal. Found: C, 65 .1 ; H, 6 .5 . 
C12H14°4 r e c I u i r e s : c ' 64.86; H, 6.31%. 
l-Ethoxycarbonyl-4- (2,4-aimethoxyphenyl) -1 ,3 -bu ta -
diene (55) 
A mixture of 2,4-dimethoxybenzaldehyde (3 .3 .g) , 
3-ethoxycarbonylpropenyltriphenylphosphonium bromide 
(8 g ) , benzoic acid (0.82 g) in dry benzene (40 ml) 
was refluxed with s t i r r i n g at- 100° for 18 h r . After 
t h i s benzene layer was washed with sa tura ted NaHC0_, 
water, d r ied (Na2S04) and concentrated. F i l t r a t i o n 
of the res idue through neu t ra l alumina using petroleum 
ether as eluant furnished an o i l , y ie ld 3 g (66%); 
nmr (CDCl3) : 2.12 (dd, J»12 and 5, 1, v i n y l i c H), 
2.57 (d, J=12, 1, v iny l i c H), 2.87 (d, J=9, ArH-6'), 
3 (d, J=17, 1, v iny l ic H), 3.5 (s, 1, ArH-3'), 3.6 
(d, J=9, 1, ArH-5«), 4.02 (dd, J=5 and 17, 1, v i n y l i c 
H), 5.74 (q, J«8, 2, OO^) , 6.25 (s, 9, Ar0CH3, 
1 
COOCH ) , 8.72 ( t , J=8, 3 , CH3) . • 
Anal . Found: C, 68.91? H, 6 ,64 . 
C15H18°4 recSJL±Teai c* 68 ,70 ; H, 6.87%. 
Methyl 3 - (2 ,4-d imethoxyphenyl ) -propiona te (56) 
Reduction of 54 (5 g) was c a r r i e d ou t i n a 
P a r r hydrogenator over Raney Ni i n e t h a n o l (25 ml) 
a t 46 p s i hydrogen p r e s s u r e a t room t empera tu re for 
4 h r , and worked up as u s u a l . The crude p roduc t 
was f i l t e r e d through n e u t r a l alumina u s i n g p e t r o -
leum e t h e r as e l u a n t . An o i l was ob ta ined / y i e l d 
4.8 g (95%); i r , J j ^ 1741 cm"*1; nmr (CDClg): 2.92 
(d, J=7, 1, ArH-61) , 3.54 (s , 1, A r H - 3 ' ) , 3.57 Cd, 
J=8, 1/ ArH-5 ' ) , 6.2 ( s , 6 , ArOCH-J, 6.37 ( s , 3 , 
COOCHg), 7.22 ( t , J=7, 2, H-2) , 7.34 ( t , J=7, 2 , 
H-3) . 
Anal . Found: C, 64 .59 ; H, 7 . 1 0 . 
C12H16°4 r e < 3 u i r e s : C ' 64 .28 ; H, 7.14%. 
E thy l 5 - (2 ,4 -d imethoxypheny l ) -bu tanoa te (57) 
Reduction of J55 (3 g) u s i n g Raney Ni i n 
e thano l was c a r r i e d out as d e s c r i b e d e a r l i e r a t 54 
p s i fo r 5 h r , t o give an o i l which on f i l t r a t i o n 
through n e u t r a l alumina u s i n g benzene as e l u a n t 
fu rn i shed an o i l p r o d u c t , y i e l d 2 .1 g (68%); nmr 
1 
(CDC13): 2 .7 (d, J=7, 1, ArH-6«), 3.54 (S / 1 , ArH-3 ' ) , 
3.6 (dd, J=7, 1, A r H - 5 ' ) , 5.87 (q, J=7, 2, 0CH2), 
6.22 ( s , 6, ArOCH3), 7 . 2 - 8 . 6 (m, 8, CCH2)4), 8.77 
( t , J=7, 3 , CH3). 
Ana l . Found: C, 67 .96 ; H, 8 .30 . 
C15H22°4 r e < 3 ^ i r e S : c ' 67 .66 ; H, 8.27%. 
Methyl 3 - (2 ,4 -d ime thoxy-5- fo rmylpheny l ) -p rop iona te 
(58) 
A s o l u t i o n of 5_6 (1.2 g) i n symmetrical 
t e t r a c h l o r o e t h a n e (5 ml) was cooled t o 0 ° . Anhydrous 
SnCl^ (3.6 ml) d i s s o l v e d i n l i t t l e amount of symmetri-
c a l t e t r a c h l o r o e t h a n e was added dropwise followed by 
slow a d d i t i o n of a s o l u t i o n of n - b u t y l d ich lo romethy l 
e t h e r i n symmetrical t e t r a c h l o r o e t h a n e (1 m l ) . The 
mix ture was allowed t o s tand a t room t empera tu r e fo r 
29 h r , a f t e r which made acid wi th 6N HCl and e x t r a c t e d 
wi th ch loroform. The chloroform l a y e r was washed 
wi th wa te r , 2% NaOH s o l u t i o n , wa t e r , s a t u r a t e d s a l i n e , 
d r i e d (Na2S04) and evapo ra t ed . The r e s i d u e was 
d r i e d in vacuo t o give an o i l which was c r y s t a l l i z e d 
from p e t r o l e t h e r t o g ive a s o l i d , r e c r y s t a l l i z e d 
from benzene-hexane m i x t u r e , y i e l d 1.1 g (81.4%), 
mp 106-7° ; i r , ^ ) ^ 1755 (COOEt), 1685 (CHO) cm"-1; 
nmr (CDCl3) : - 0 . 3 8 ( s , 1, a ldehyd ic H) , 2 .3 ( s , 1 , 
ATH-6')/ 3.5 ( s , 1 , ArH-3 ' ) , 6 ( s , 6/ Ar0CH3) , 6.27 
( s , 3 , 0033), 7 .25 (m, 4, (CH2) 2 > . 
Anal. Found: C, 6 2 . 1 ; H, 6 . 5 5 . 
C13H16°5 r e c 3 u i r e s : c* 61 ,90; H, 6.34%. 
5- (2,4-.Djmethoxy-5-formylphenyl) - bu t anoa t e (59) 
This was prepared as d e s c r i b e d e a r l i e r u s i n g 
57 (1.4 g ) , n - b u t y l d ichlorornethyl e t h e r (3 m l ) , 
anhydrous SnCl4 (3.6 ml) i n symmetr ical t e t r a c h l o r o -
e thane (15 m l ) . An o i l ob ta ined was p u r i f i e d by 
f i l t r a t i o n through n e u t r a l alumina u s i n g benzene as 
e l u a n t , y i e l d 1.02 g (65%); *Lr, J ^ f 1741 ( e s t e r 
c a r b o n y l ) , 1690 (CHO) cm ; nmr (CDCl3) : - 0 . 3 ( s , 1, 
CHO), 2.37 ( s , 1, ArH-6 ' ) / 3.57 ( s , 1, ArH-3 1 ) , 5.87 
(q, J=7, 2, 0CH2), 6.07 ( s , 6, ArOCHg), 7 . 2 - 8 . 6 (m, 
8, (CH2)3CH2CO), 8.77 ( t , J=7, 3/ CH3) . 
Anal . Found: C, 6 5 . 6 1 ; H, 7 . 4 4 . 
C16H22°5 r e c 5 u i r e s : c * 65 .30 ; H, 7.48%. 
1 ,3-Dimethoxy-4~(2~methoxycarbonyle thyl ) -6-(3-oxo-
1-octenyl)benzene (60) 
This was p repared by t h e method desc r ibed 
e a r l i e r u s i n g NaH (0.2 g of 50% d i s p e r s e d i n o i l ) / 
d imethyl (2-oxo~heptyl)phosphbnate (0.9 g) and 58 
(1 g) i n dimethoxyethane (60 ml) , An o i l ob ta ined 
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was chromatographed on silica gel/ using benzene-
chloroform as eluant. The product was obtained in 
the first and second fraction/ yield 0.42 g (30.4%). 
It was. homogeneous on TLC; ir, _) nZ^ 17 35 (ester 
\r max 
c a r b o n y l ) , 1641 (=-C-) cm ; nmr (CDCl,): 2,12 (d, 
14 
J=17/ 1/ v i n y l i c H), 2.62 ( s , 1/ ArH-5)/ 3,3 (d, J=17/ 
1/ v i n y l i c H) , 3,54 (s/ 1/ ArH-2), 6 .1 ( s , 6t ArOCH3), 
6 .4 (s , 3/ C00Oi3)/ 8.97 (m, 6/ C^CH^CO/ (CH2)2C02Me) / 
8.62 (m, 6/ (CH2)3)/ 9.09 (m, 3/ CH3) . 
Anal . Found: C, 69 ,16 ; H, 8 . 0 7 . 
C20H28°5 r e , ? u i r e s : c* 68 .96 ; H, 8.04%. 
1/ 3-Dimethoxy~4«» (4-e thoxycarbonylbu ty l ) - 6 - ( 3 - o x o - l -
oc tenyl )benzene (61) 
Th i s was p repa red as d e s c r i b e d e a r l i e r u s i n g 
59 (1.56 g ) / NaH (0.17 g of 50% d i s p e r s e d i n o i l ) / 
d imethyl (2-oxo-heptyl )phosphonate (1.18 g) and dry 
dimethoxyethane (30 m l ) . An o i l ob ta ined was c r y s -
t a l l i z e d from hexane i n cold t o g ive c o l o u r l e s s s o l i d / 
y i e l d 0 .4 g (19.4%)/
 mp 53-55° ; i r , y ^ J c 1728 ( e s t e r 
c a r b o n y l ) / 1646 (=&.(>) cm"1; nmr (CDCl-): 2.09 (d, 
J=17, 1/ v i n y l i c H)/ 2 .64 ( s , 1/ ArH-5), 3.25 (d, 
J~17/ 1/ v i n y l i c H), 3 .5 ( s , 1/ ArH-2), 5.8 (q, J=7/ 
2 , 0CH2), 6.04 ( s , 3/ 0CH3)/ 6.07 (S/ 3/ 0CH3), 7 .45 
(m, 4 , CH2CO, q^COOEt), 8.42 (m, 12; r e s t of q j 2 
p r o t o n s ) / 8.7 ( t , J=7, 3 , CHj), 9.05 (m, 3, CHg) . 
Anal . Found: C, 71 .05 ; H, 9 . 2 5 . 
C23H34°5 re<^a±reSi c * 70 .76 ; H, 8.71%. 
E thy l 5-bromopentanecarboxylate 
This was p repared accord ing t o the , l i t e r a -
t u r e method 5 7 ; y i e l d 55.7 g (52.3%), bp 92~8°/3 mm 
( L i t . 5 7 bp 120-30°/15 mm). 
Ethyl 7 - (2, 4-dimethoxyphenyl) - j& - h e p t e n o a t e (65) 
A mixture of 2,4-dimethoxybenzaldehyde (10 g ) , 
Ph3P (17.0 g ) , e t h y l 5-bromopentanecarboxylate (15 g) 
and e thy leneox ide (25 ml) i n DMF (25 ml) was r e f l u x -
ed i n a s t e e l bomb a t 175° f o r 20 h r . The s o l v e n t 
was concen t r a t ed t o d r y n e s s , t h e r e s i d u a l o i l 
washed w i t h hexane and t h e combined hexane washings 
on c o n c e n t r a t i o n furn ished an o i l , y i e l d (crude) 
15.8 g (89.8%). 
7 - (2 ,4 -Dime thoxypheny l ) -A - h e p t e n o i c ac id (66) 
A 10% s o l u t i o n o£ NaOH (2.59 g) i n methanol 
(23.4 ml) was added t o a s o l u t i o n of 65_ (15.8 g) 
i n methanol (20 ml) and the mix tu re was r e f luxed 
fo r 4 h r on steam b a t h , a f t e r which methanol was 
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evaporated, the residue dissolved in water and washed 
with ether. The aqueous layer made acid with HCl and 
extracted with ether. The ether extract was dried 
(Na2S04) and evaporated to give an oil, crude yield 
8 g (52.1%). 
Methyl 7 - (2,4-dimethoxyphenyl) - A -heptenoate (67) 
An ethereal solution of diazomethane (from 
(7 g of nitrosomethyl urea) was added in small portions 
to a solution of 66 (8 g) in ether (30 ml) with 
constant shaking. After the addition was complete 
the solution was allowed to stand for lo minutes. 
Excess diazomethane was removed by evaporation and 
the ethereal solution was washed with saturated 
solution of Na HC0„, water, dried (Na2S0>.) and con-
centrated to dryness to give a dark and coloured 
oil, crude yield 8 g (94%). 
Methyl 7- (2, 4-d'imethoxypheny 1) -hept anoate (68) 
Reduction of the dimethoxy ester 67 (8.0 g), 
was carried out in a Parr Hydrogenator over Raney Ni 
in ethanol (25 ml) at 42 psi hydrogen pressure at 
room temperature for 4 hr. The catalyst was removed 
by filtration, the filtrate concentrated to dryness 
to give an oil, which distilled ija vacuo to give a 
1 
l i g h t yellow o i l , bp 154-55° /0 .08 mm; y i e l d 5.4 g 
(67%); nmr (CDCI3): 3.09 (d, J=7, 1, ArH-6«), 3.67 
( s , 1, ArH-3 ' ) / 3.74 (broad d, J=7, 1, ArH-5 ' ) / 6.24 
( s , 3 , 0CH3), 6.29 ( s , 3 , 0CH3), 6.4 ( s , 3/ 0CH3), 
7.67 (m, 4, OigCHgCO), 8.49 (m, 8/ ( C H 2 ) 4 - ) . 
Anal. Found: C, 68 .84 ; H, 8 . 5 5 . 
C16H24°4 r e q u i r e s s c ' 6 8 . 5 5 ; H, 8.63%. 
Methyl 7 - (2 ,4-d imethoxy-5- formylphenyl ) -heptanoate 
(69) 
This was prepared i n t h e u s u a l manner u s i n g 
68 (3 g ) , anhydrous SnCl4 (2.64 ml ) / n - b u t y l d i -
chloromethyl e t h e r (2.47 g) i n d ry methylene c h l o r i d e 
(60 m l ) . The crude o i l was f i l t e r e d through n e u t r a l 
alumina u s ing benzene:chloroform (7:3) as e l u a n t t o 
g ive an o i l which was c r y s t a l l i z e d from chloroform-
hexane, y i e l d 2 .1 g (63.6%), mp 50-51°; i r , 0 ™?S 
1750 ( e s t e r c a r b o n y l ) , 1690 cm"*1; nmr (CDClg) : - 0 . 3 
( s , 1, aldehyde H), 2.5 ( s , 1, ArH-6«), 3.6 ( s , 1 , 
ArH-3 1) , 6 .1 ( s , 6, ArOCH3), 7 .6 (m, 4, CH2CH2CO), 
8.52 (m, 8, (CH 2 ) 4 ) , 
Ana l . Found; c , 66 .16 ; H, 7 . 8 7 . 
C17H24°5 r e ( 3 u i r e s s C, 66 .36 ; H, 8.37%. 
1 4 1 
1,3-Dimethoxy-4- (6~methoxycarbonylhexyl) -»6~ (3-oxq-
l~octenyl )benzene (70) 
This was prepared as d e s c r i b e d e a r l i e r u s ing 
aldehyde 69 (2.25 g ) , NaH (0.42 g of 50% d i s p e r s e d 
i n o i l ) , d imethyl (2~oxo-heptyl)phosphonatc (1.62 g) 
i n dry dimethoxyethane (100 m l ) . Chromatography of 
t h e crude on s i l i c a ge l u s i n g g r a d i e n t e l u t i o n wi th 
benzene, benzene:chloroform ( 8 : 2 ) , benzene:chloroform 
( 7 : 3 ) , benzene:chloroform (6:4) and benzene:chloroform 
( 1 : 1 ) , furn ished an o i l p r o d u c t , which was homogeneous 
on TLC, y i e l d 0.6 g (28.2%); i r , J ^ J ^ 1732 ( e s t e r 
c a r b o n y l ) , 1696 («-C0-) cm""1; nmr (CDCl3) i 2.12 (d, 
J=17, 1, v i n y l i c H), 2.72 ( s , 1, ArH-5), 3.32 (d, 
J=17, 1, v i n y l i c H), 3.57 ( s , 1, A r H - 2 ) , S , l (s,3,,0CH3) 
6.32 ( s , 3 , 0CH3), 6.12 ( s , 3 , 0CH3), 7.57 (m, 6, 
CH2C0, CH2CH2C02Et), 8.62 (m, 14, (q i ) 4 (CH2)4C02Et), 
9.09 (m, 3, CH3). 
Anal . Pound: C, 71 .70 ; H, 8 . 9 1 . 
C24H36°5 r e h i r e s : C, 71 .28 ; H, 8.83%. 
1, 3-Dimethoxy-4~(6-methoxycarbonylhex,yl) -6~(3-oxo-
oc ty l )cbenzene (71) 
Reduction was performed as u sua l u s i n g 70 
(1.6 g) i n e thano l (60 ml) i n p r e sence of Raney Ni 
i n hydrogen atmosphere a t 39 p s i fo r 4 h r . An o i l 
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was obtained, yield 1.5 g (93.2%); ir, ) n e a t 1748 
(ester carbonyl), 1716 (CO) cm"1; nmr (CDC13): 3.1 
(s, 1, ArH-5), 3.55 (s, 1, ArH~2), 6.15 (s, 6, 
ArOCHg), 6.3 (s, 3, COOCH3), 7.5 (m, 8, VAjZOOA^, 
CH2CH2C02Et), 8.54 (m, 16, rest of methylene protons), 
9.09 (m, 3, CH3). 
1,3-Dimethoxy~4-(6~methoxycarbonylhexyl)-6-(3~hydroxy-
octyl )~benzene (72) 
NaBH4 (1 g) was added in portions to a solution 
of 71 (1.5 g) in methanol (15 ml) at room temperature. 
The solution was allowed to stir overnight, after 
which methanol was evaporated to dryness, residue 
dissolved in water, washed with ether, made acid with 
6N HCl and extracted with ether, ethereal layer was 
dried (Na2S0/) and concentrated to dryness to give 
an oil, yield 1.48 g (98.1%); ir, J fJJ^ 1742 (ester 
carbonyl), 3378 (hydroxyl) cm""1; nmr (CDC13) : 3.22 
(s, 1, ATH-5), 3.67 (s, 1, ArH-2), 6.2 (s, 3, C00CH3), 
6.22 (s, 4, 0CH3, CH-OH), 6.4 (s, 3, OCHj , 7.29 
(m, 6, CH2C0, PhCH CH^CHOH), 8.57 (m, 18 , r e s t of 
CH2 p r o t o n s ) , 9 .14 ( s , 3 , CH3># 
7 - ( 5 - (3-Hydroxyoctyl) -2 ,4-dimethoxyphenyl) - h e p t a n o i c 
acid (73) 
72 (1.48 g) was d i s s o l v e d in methanol (15 ml) 
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and mixed with a solution of NaOH (0.4 g) in water 
(3 ml). The mixture was stirred at room temperature 
for 1 hr, then refluxed at water bath .for 0.5 hr. 
Methanol was evaporated, dissolved in water, washed 
with ether, made acid with 6N HCl and extracted with 
ether. The ethereal layer was dried (T3a2S04> and 
concentrated to dryness. Chromatography of the crude 
on silica gel using gradient elution with chloroform: 
methanol (9:1), furnished an oil in the second and 
third fraction, yield 0.6 g (42%); ir, -y JJa? 1697 
(acid carbonyl), 3332 (hydroxyl) cm" ; nmr (CDGlg): 
3.04 (s, 1, ArH-5), 3.5 (s, 1, ArH-2), 4.22 (broad s, 
2, OH), 6.14 (s, 6, ArOCH3), 7.5 (m, 6, CH2C0, 
PhCH CH2CH0H), 8„47 (m, 18, rest of CH2 protons), 9.1 
(m, 3, CH3); mass: 394 (M ). 
Anal. Found: C, 70.16; H, 9.69. 
C23H3805'requires; C, 70.05; H, 9.64%. 
7- (5-(3-Hydroxyoctyl) -2t 4-dihydroxyphenyl) -heptanoic 
acid (B) 
A solution of BBr3 (0.6 ml) in dry methylene 
chloride (10 ml) was added dropwise to a solution of 
acid 22 (0.59 g) in methylene chloride (15 ml) at 
-78 . The mixture was brought to room temperature 
in 20 'hr. Poured in 25 ml of water and extracted with 
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ether, which in turn was washed with 2N NaOH (2X30 ml) 
solution. The aqueous layer was made acid with HCl 
and extracted with ether to give an oil, crude yield 
0.5 g (91%). Chromatography of the crude on silica 
gel furnished an oil product in benzene:chloroform 
(1:1) fraction, yield 0.085 g (15%); ir, s ) ^ f c 3353 
(hydroxyl)/ 2903, 1703 (COOH); nmr (CDC13): 2.55 
(broad s, 4, vanished after D20 exchange, ArOH, CHOH, 
-COOH), 3.27 (s, 1, ArH-6»), 3.74 (s, 1, ArH-3«), 
6.07 (broad s, 1, CH-0-), 7.5 (m, 6, CH2C0, PhCH2CH2~ 
CHOH), 8.44 (m, 18, rest of CtU protons), 9.09 (m, 
3, CH_) ; mass: 366 (M ., weak). 
Anal. Found: C, 69.24; H, 9.24. 
C21H34°5 r e < 3 u i r e s : c' 68.85; H, 9.28%. 
Dihydroresarcinol (74) 
Reduction of resorcinol (lo g) was carried out 
in a Parr Hydrogenator over 5% Pd/Al in a solution 
of NaOH (4.3 g) in distilled water (20 ml) at 54 psi 
hydrogen pressure for 20 hr. The catalyst was removed 
by filtration, the filtrate was cooled to 0° and 
made acid with HCl till pH 4. Solid appeared was 
collected by filtration, dried in vacuo, yield 5 g 
(49.1%), mp 105° (Lit.58 mp 105-6°). 
1 
3-Ethoxy~2"Cyclohexene-"l-one (75) 
56 I t was prepared by l i t e r a t u r e method
 e 
yield 2.4 g (40,9%) > bp 96 -8° /~2 mm (Li t . bp 
115~21°/11 mm). 
Ethyl l^bromo'heptoat.e 
I t was prepared by the method used for the 
preparat ion of e thyl 5~bromopentanecarboxylate, 
y ie ld 43%, bp 88-90%~*y 3 mm. 
6~(6-Ethoxycarbonvlhexyl) -3-ethoxy-A. -cyclohexene-
1-one (76) 
A solut ion of 75 [2.4 g) in dry toluene 
(10 ml) was added dropwise to a suspension of NaH 
(2 g of 50% dispersed in o i l ) in dry toluene (20 ml) . 
After complete addit ion, the mixture was refluxed 
for 1,5 hr , then cooled and e thyl 7-bromoheptoate 
(4,14 g) in toluene (10 ml) was added dropwise, 
followed by an addi t ional refluxing for 24 h r . The 
mixture was decomposed by careful addit ion of water 
and extracted with e ther , the ex t rac t dried (Na2S04) 
and evaporated. Chromatography of the res idua l o i l 
on s i l i c a gel furnished a dark red coloured o i l from 
the methanol f ract ion which showed three spots on 
TLC. Further pu r i f i ca t ion was car r ied out by p r e -
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p a r a t i v e TLC. F r a c t i o n of the lowest p o l a r i t y proved 
t o be the r equ i r ed subs t ance , homogeneous on TLC, 
y i e l d 0.350 g (6.8%); nmr (CDClg): 4.62 ( s , 1, v i n y l i c 
H), 5.82 (q, J=7, 2, 0CH2), 6.02 (q, J=7, 2, OCHg), 
7 . 4 -8 .2 (m, 13, H-6, (CH0)cCHoC0), 8 . 4 - 8 . 9 (m, 10, 
COOCH2CHy OCE2CH3, H-4, H-5); mass: 296 (M+t weak), 
140 (base peak, M-157). 
Anal . Found: C, 6 9 . 2 3 ; H, 9 . 4 1 . 
C17H28°4 r e < 3 u i r e s : c / 6 8 . 9 1 / H, 9.45%. 
3-Hydroxy-oct~l-yne 
A solution of ethyl magnesium bromide, freshly 
prepared from ethyl bromide (31.5 ml) and Mg (10.1 g) 
in THF (80 ml) was added dropwise to a solution of 
THF (300 ml) already saturated with acetylene and 
stirred for 1 hr more in presence of acetylene till 
solution became completely clear. Capraldehyde 
(38 g) in THF (25 ml) was added dropwise. The passage 
of acetylene was continued through out the addition 
and for an additional 0.5 hr. The reaction mixture 
was allowed to stir overnight. THF was distilled 
off, the residue cooled, treated with saturated 
solution of NH4Cl and extracted with ether. The 
ethereal layer was dried (Na2S04) and distilled off. 
The residual oil was distilled in vacuo to yield 
25.91 g (58%) of a l i g h t yel low oil,- bp 45-50° /3 mm; 
i r
' l^masT 3 3 0 ° (hY^roxyD* nmr (CDC13): 5.74 (m, 
1, CH-0-), 7.45 ( s , 1 , -OH, vanished a f t e r D 2 0) , 
7.7 (d, 1, HQ=C-), 8.54 (m, 8, (CH2) 4) . 
3~Tetrahydropyranyloxy-oct-l-»yne 
Dihydropyran (18 g) was added dropwise t o a 
cooled mixture of 3~hydroxy-oct - l -yne (25.91 g) and 
cone H^SO, (2 d r o p s ) , s t i r r e d a t room tempera tu re 
for 0 .5 h r and allowed t o s t and ove rn igh t a t 0 . 
Ether was then added, t h e e t h e r s o l u t i o n washed wi th 
d i l u t e NaHCCu and wate r , t h e e t h e r e a l l a y e r was d r i e d 
(Na2S04) and d i s t i l l e d i n vacuo t o y i e l d 21.78 g 
(46.4%) of l i g h t co loured o i l , bp 8 5 - 9 5 ° / ~ 3 mm; 
nmr (CDClg) : 5.17 ( s , 1, -0-CH-O-), 5.77 (ra, 1 , 
-0-CH-R), 6.44 (m, 2 , CH 2 -0-) , 7.79 (m, 1, H E C - ) , 
8.57 (m, 8, (CH2)4 , 6, ( C H ^ ) , 9.14 (m, 3, OJ3) . 
6 - (6-Ethoxycarbonylhexyl ) -3-e thoxy-Zj . - cyc lohexene -
1 - ( 3 - t e t r a h y d r o p y r a n y l o x y - l - o c t y n y l ) - l - o l (77) 
A s o l u t i o n of e t h y l i o d i d e (0.186 g) i n e t h e r 
(15 ml) t o g e t h e r wi th a c r y s t a l of i o d i n e was added 
dropwise t o a suspension of Mg (0,0286 g) i n e t h e r 
(30 ml) a t room t e m p e r a t u r e . When a l l the Mg was 
consumed, s t i r r e d f o r an a d d i t i o n a l 1 h r , fo l lowing 
w 
the dropwise addition of 3~tetrahydropyranyloxy-
1-octyne (0.250 g) in THF (25 ml). The reaction 
mixture was stirred for two hours, when a white 
fluffy precipitate was obtained and to this a solu-
tion of 76. (0.350 g) in THF (25 ml) was added in 
small lots. After complete addition, the mixture 
was allowed to stir overnight at room temperature. 
The mixture was decomposed by careful addition of 
10% HC1 and extracted with ether. The ether layer 
was washed successively with saturated saline, water, 
dried (Na?S04) and concentrated to dryness to give 
an oil, crude yield 0.21 g (35.50%). 
4-(6-Ethoxycarbonylhexyl)-3-(3-hydroxy-1-gctynyl)-
A2 -cyclohexenong(78) 
The crude product, 77 (0.21 g), obtained 
above (from 0.35 g of 7j5) was dissolved in a mixture 
of acetone (10 ml), methanol (25 ml), HCl (5 ml) 
and water (5 ml) and stirred at room temperature 
for 5 hr. Solvent was evaporated, dissolved in 
water and extracted with ether. Drying (Na?S0j 
and evaporation of the other extract furnished an 
oil, which showed 3 spots on TLC. Further puri-
fication was carried out by preparative TLC. Frac-
tion of the lowest polarity was proved to be the 
required substance, yield 0.03 g (6.74%)* ir, s ) " e a t 
3400 (OH), 2100 (CsC), 1745 (ester carbonyl) and 
1675 (C-C-R) can""1; uv, X ^ ^ 254 ( U a x , 8164), 238 
n 'max N~ 
o , 
( £ max, 8523), 323 ( k max, 1181) nm; nmr (CDC13): 
4.7 (s, 1, vinylic H), 5.9 (q, J=7, 2, 0CH2), 6.4 
(t, 1, CH-0-), 7.37-8 (m, 9, H-6, H-4, (CH^g), 
8.34-9.29 (m, 22, rest of the protons); mass: 376 
(M , weak).' 
Anal. Found: C, 73.79; H, 9.52. 
°23H36°4 r e ( ? u i r e s : C,-73.40; H, 9.57%. 
7- (2,4-Dimethoxyphenyl)-heptanoic acid (79) 
A solution of NaOH (0.4 g) in methanol (9 ml) 
was added to a solution of 6j8 (1.35 g), in methanol 
(5 ml) and the mixture was stirred at room tempera-
ture for 1 hr, then refluxed on water bath for 1 hr. 
Methanol was concentrated to dryness at reduced 
pressure and the residue dissolved in water, washed 
with ether, the aqueous layer made acid with HC1 
and extracted with ether. The ethereal layer dried 
(Na2S04) and evaporated to give a solid which on 
crystallization from benzene furnished colourless 
crystals, yield 1.1 g (85.7%), mp 84-6°; uv, \ M t ° H 
228 ( £ , 9243.9), 282 ( £- , 4904.9) nm; nmr (CDC13): 
3.09 (d, J=7, 1, ArH-6"), 3.7 (s, 1, ArH-3'), 3.74 
1 »» n, 0 * 
(d, J=7, 1, ArH-51), 6.24 (s , 3, OCH3), 6.24 (s, 
3, OCH3)/ 7.6 (m, 4, CHg-CHjCO)/ 8.5 (m, 8, ( C H ^ ) . 
Anal. Found: C, 68.00; H, 8.54. 
C15H22°4 r e q u i r e S : c / 67.66; H, 8.27%. 
/ 
4-(6-Carboxyhexyl)cyclohexane-1,3-dione (80) 
Li ribbon (3 cm, 0.267 g) was added in small 
pieces to a solut ion of 79 (1 g) in l iqu id ammonia 
(20 ml, freshly d i s t i l l e d over Na) t dry THF (10 ml) 
and dry t -butanol (10 ml) over a period of 5 h r . 
After complete addit ion the react ion mixture was 
s t i r r e d for an addi t ional 0.5 hr , a l i t t l e amount of 
(NH4)2S04 was added to discharge the blue colour and 
ammonia was removed by evaporation. The residue was 
dried in vacuo to remove the t r aces of t -bu tano l , 
dissolved in cold water, made acid with HCl t i l l pH 4, 
sa turated with NaCl and extracted with chloroform. 
The chloroform layer dr ied (Na2S04) and d i s t i l l e d 
to give 7~(2,4-dimethoxy-3,6-dihydrophenyl)-heptanoic 
acid, an o i l , crude y ie ld 1 g (100%). 
7- (2,4~Dimethoxy~3,6-dihydrophenyl)-heptanoic 
acid, so obtained was subjected t o ac id ic hydrolysis 
by dissolving in 2N HCl (6 ml) and acetone (20 ml) . 
Acetone was d i s t i l l e d off a t steam bath temperature 
and the residue was concentrated to dryness in vacuo 
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to give a so l id , which was separated from the un-
reacted acid 79./ ky dissolving in methylene chloride 
at room temperature. The insoluble so l id was c o l l e c -
ted by f i l t r a t i o n and c rys t a l l i z ed from ethyl ace-
t a t e in colourless c r y s t a l s , mp 124-25 , y ie ld 
0.6 g (66.5%); i r , O KBJ 1728 (six-membered ketone) , 
1600 (acid carbonyl) cm""1; uv, Xma^T 2 5 9 ( ^ ' 2 1 9 7 o ) ' 
293 ( ^ , 10690) nm; nmr (CDClg): 1.92 (broad s , 1, 
ac id ic . H), 7.59 (m, 7, H-2, H-4, H-6# C^COOH), 8.5 
(m, 12, r e s t of the p ro tons ) ; mass: 240 (M , weak), 
112 (base peak, M-128). 
Anal. Found: C, 64.82; H, 8.69. 
C13H20°4 r e < 5 a i r e S ! c* 65.00; H, 8.33%, 
6- (6~Methoxycarbonylhexyl)~3-methoxy~Z.A -cyclohexene-
1-one (81) 
An e therea l solut ion of diazomethane (from 
0.5 g of nitrosomethyl urea) was added to a suspen-
sion of 80 (0.2 g) in ether (15 ml) in small l o t s . 
After the addition was complete a c lear so lu t ion was 
obtained which was allowed t o stand a t room tempera-
ture for 5 minutes. Excess diazomethane was removed 
by evaporation and the e therea l solut ion was washed 
with sa tura ted solut ion of NaHC03, water dr ied 
(Na2S04) and concentrated to dryness to give an o i l , 
y i e l d 0,2 g (88,9%). The p roduc t was homogeneous 
on TLC; i r , - J n e a t 1750 ( e s t e r c a r b o n y l ) , 1663 
* v max 
(OC-C-) cm*"1; nmr (CDC1 ) : 4.65 ( s , 1 , v i n y l i c H), 
6 .3 ( s , 3 , 0CH3/ 3 , C00CT3), 7,62 (m, 5, H-6, H-4, 
CHUCOOMe), 8.5 (m, 12, r e s t of t h e p r o t o n s ) ; mass : 
268 (M+, -weak). 
Anal . Found: C, 67 .45 ; H, 7 . 8 9 . 
C15H24°4 r e c 3 u l r e s : c * 67 .16 ; H, 8.95%. 
3 - M e t h o x y - l , 2 , 3 > 6 - t e t r a h y d r o p h t h a l i c anhydride (84) 
A mix ture of 1-methoxytautadiene (6.9 g) and 
ma le ic anhydride (8 g) i n dry benzene (25 ml) was 
re f luxed on steam ba th f o r 0 . 5 h r . The mix tu re was 
cooled, so lven t removed iri vacuo and t h e r e s i d u e was 
c r y s t a l l i z e d from d ry e t h e r which fu rn i shed t h e 
p roduc t as c o l o u r l e s s c r y s t a l s , y i e l d 10.5 g (73,4%), 
mp 99-100° ( L i t . 5 9 mp 1 0 5 ° ) . 
3 - M e t h o x y - j , 2 , 3 , 6 - t e t r a h y d r o p h t h a l i d e (86) 
A s o l u t i o n of 3 - m e t h o x y ~ l , 2 , 3 , 6 ~ t e t r a h y d r o -
p h t h a l i c anhydride 84 (5.58 g) i n dry DMF (22 ml) 
was added dropwise t o a cooled s o l u t i o n of NaBH4 
(1.62 g) i n dry DMF (21 m l ) , k e p t a t -10 t o - 1 5 ° . 
The mixture was allowed t o s t i r a t 0° for 1 h r , then 
n 
a t room tempera ture f o r 20 minu te s . The excess 
NaBH4 was decomposed by adding 6N HC1 (16 m l ) . DMF 
removed i n vacuo , t h e r e s i d u e was d i s s o l v e d in 
wa te r and e x t r a c t e d wi th chloroform. The chloroform 
e x t r a c t was d r i e d (Na-SO.) and c o n c e n t r a t e d . Chro-
matography of t h e crude p roduc t on s i l i c a g e l column 
u s i n g benzene as e l u a n t fu rn i shed a v i s cous o i l , 
y i e l d 2.7 g (52.4%); nmr (CDC13)i 4.07 (m, 2 , CH=CH), 
5.72 (d, J=6, 2, 0CH2), 6 .2 (d, J=6, 1/ CH-0-) , 6 . 2 -
7.5 (m, 2, COCH-CHCO), 6.7 ( s , 3/ 0CH3># 7.67 (m, 2, 
-CH 2) . 
Ana l . Found: C, 64 .62 ; H, 7 . 1 0 . 
C9H12°3 r e ^ 1 3 ^ 1 c* 64 .28 ; H, 7.14%. 
3-Acetoxy- l , 2,3,6-tetrahydrophthalic anhydr ide (88) 
A mix tu re of 1-ace toxybutadiene (16.9 g) and 
male ic anhydride (14.7 g) i n dry benzene (50 ml) 
was kep t a t 0 fo r 20 minutes and t hen hea t ed under 
r e f l u x f o r 0 .5 h r . Benzene was removed i n vacuo 
and t h e r e s i d u e c r y s t a l l i z e d from dry e t h e r t o g ive 
c o l o u r l e s s c r y s t a l l i n e p roduc t , y i e l d 22 g (10%), 
mp 56-7° ( L i t . 5 9 mp 5 8 ° ) . 
l-gC.-Carboxy-.5~ $-.bromo~6- oC-acetoxycyclohexane-
2 , 4 - c i s l a c t o n e (89) 
Br2 was added dropwise t o a cooled s o l u t i o n 
1 
(0-5°) of 3 -ace toxy- l / 2 / 3 / 6- te t rahydroph tha l i c 
anhydride 88 (2.1 g) and NaHC03 (0.84 g) in d i s t i l l e d 
water (12 ml) t i l l a f a in t yellow colour p e r s i s t e d . 
The supernatant solut ion was decanted off, the o i l y 
residue was t r i t u r a t e d with l i t t l e crushed ice t i l l 
i t became a free f loa t ing so l id . I t was f i l t e r e d , 
washed several times with water, dried in vacuo 
(P20,-) and c rys t a l l i zed from acetone, y ie ld 2.6 g 
(85%), mp 178-80°; nmr (CDClg) : 4.2 (broad s i n g l e t , 
1, acidic H), 4.5 (s , 1, H- l ) , 5.3 (m, 2, H-6, H-4), 
6.95 (m, 2, H-2, H-5), 7.9 (d, J=4, 1, H-3),~8 (d, 
J=4, 1, H-3), 8.07 ( s , 3, C0CH3). 
Anal. Found; C, 39.29; H, 3.90. 
C 10 H l l °6 B r r e ( 3 u i r e s : c ' 39.08; H, 3.58%. 
1, 3*-Dimethoxy-2 , 5-dihydrobenzene (92) 
Na (12.5 g) was added in small pieces to a 
mixture of 1,3-dimethoxybenzene (20 g) and absolute 
ethanol (24 g) in liquid ammonia (600 ml, distilled 
over Na) till the blue colour of the solution per-
sisted at least for 15 minutes. After complete addi-
tion of Na, a pinch of (NH.^SO. was added to dis-
charge the blue colour. Ammonia was evaporated, the 
reaction mixture decomposed by the addition of cold 
water, extracted with ether, ether extract dried 
00 
(Na2S04) and d i s t i l l e d off, y ie ld 16 g (78.8%). 
The product was homogeneous on TLC; nmr (CDCl3): 
5.5 (m, 2, v iny l i c H), 6.24 (s, 1, H-2), 6.5 (s , 6, 
OCH3) , 7.3 (m, 3, H-5, H-2). 
3,6-Oxa-exo-l, 2 ,3 , 6- te t rahydrophthal ic anhydride 
This was prepared according to the l i t e r a t u r e 
method,60 y ie ld 20.84 g (31.5%), mp 120-21° ( L i t . 6 0 
mp 125°). 
3/6-0xa-exo-hexahydrophthalic anhydride (96) 
A solut ion of 9_5 (8 g) in dry THF (50 ml) 
was shaken under hydrogen atmosphere at 27 p s i in 
presence of 10% Pd-C c a t a l y s t (0.8 g) t i l l the absor-
p t ion of hydrogen was s iezed. , Catalyst was ranoved 
by f i l t r a t i o n , the f i l t r a t e d i lu ted with p e t r o l , 
cooled, so l id appeared was col lected by f i l t r a t i o n , 
washed with dry p e t r o l and dr ied _in vacuo, y ie ld 
7.22 g, mp 111-12°. 
Anal. Found: C, 57.54; H, 4 .82. 
CQH804 r e q u i r e s : C, 57.14; H, 4.76%. 
3,6-Qxa-exo-cis-hexahydrophthalide (97) 
A solut ion of 9_6 (2.5 g) in dry DMF (5 ml) 
15 
was added dropwise to a cooled suspension of NaBH^ 
(0.6 g) in DMF (10 ml). After complete addition 
the mixture was allowed to stir at room temperature 
for 1 hr, then decomposed carefully with 6N HCl (6 ml). 
The solvent was concentrated to dryness in, vacuo, the 
residue dissolved in water, saturated with NaCl and 
extracted with chloroform. The chloroform layer was 
dried (Na2S04) and concentrated, triturated with 
petrol, solid appeared was collected by filtration 
and crystallized from benzene-petrol mixture, yield 
1.56 g (68%), mp 120-21°? nmr (CDCl3) t 5.04 (t, 1, 
CHO), 5.49 (m, 1, CHO) , 1.69 (m, 2, OCHg), 7.19 
(m, 2, CHCO, HC-CH20), 8.3 (rrt/ 4, (CH^) . 
Anal. Pounds C, 62.65; H, 6'.68. 
CQHio03 'requires: C, 62.33; H, 6.49%. 
3,6-0xa-exo-cis-hexahydro-N-(n-butyl)phthalimide (98) 
A mixture of 96 (2.5 g) and n-butyl amine 
(1.5 ml) in dry benzene (40 ml) was refluxed for 1.5 
h r . The solvent was concentrated and d i lu t ed wi th 
p e t r o l , sol id appeared was removed by f i l t r a t i o n , the 
f i l t r a t e was concentrated t o dryness and the residue 
c rys t a l l i zed from benzene-petrol t y ie ld 2.5 g (75.7%), 
mp 76°? i r / V ) ff* 1691 (sharp) cm"1; nmr (CDCl,): 
5.14 ( t , J=3, 2, CH^O-CH), 6.54 ( t , J=8, 2, N-CHj , 
1 
7 .17 ( s , 2 , COCH-CHCO), 8 .42 (m, 8 , H-4, H - 5 , 
( C
- 2 ) 2 ' ~ C H 3 ) / 9 # 0 7 ( t / 3 ' °^» 
Anal . Found; C, 6 4 . 2 5 ; H, 8 .10; N, 6 . 2 7 . 
C12H17N 03 r e < 3 u i r e s J c* 6 4 » 5 7 ; H, 7 .62 ; N, 6.27%. 
3, 6-Qxa-exo-cds-hexahydro-N-phenylphthal imide (99) 
A mix tu re of 96_ (2.5 g) and a n i l i n e (1.4 ml) 
in dry benzene (30 ml) was re f luxed on steam ba th 
for 3 h r . The mixture was cooled/ s o l i d appeared 
was c o l l e c t e d by f i l t r a t i o n - and washed wi th d ry 
benzene, c r y s t a l l i z e d from e t h a n o l , y i e l d 2.38 g 
(65%), mp 165-66°; nmr (CDClj) : 2.72 (m, 5, C6H5) , 
5.05 (d, J=3 , 1, CH-0-) , 7 .05 ( s , 2 , COHC-CHCO) , 
8.27 (m, 4, (CH 2 ) 2 ) . 
Anal . Found: N, 5 . 6 5 . 
C14H13°3N r e c 3 ^ i r e s : N/ 5.76%. 
2-(Hydroxymethyl) -3 ,6-oxa~cyclohexyl~N-(n-butyl )amide 
(100) 
A mix tu re of 97j (1.5 g) and n-buty lamine (3 ml) 
i n e thy l ene g l y c o l (10 ml) was hea t ed a t 160-70° for 
6 h r # Solvent was concen t r a t ed t o d r y n e s s , t r i t u r a t e d 
with p e t r o l , s o l i d appeared was c o l l e c t e d by f i l t r a -
t i o n , c r y s t a l l i z e d from b e n z e n e - p e t r o l , y i e l d 0 .4 g 
(18%), mp 151°; i r , 0 ^ 3268 (NH)-, 2910 (medium), 
4 •" r< 
i a 5 
1636 (CO); nmr (CDC13) : 3.64 (broad s , 1 , OH), 5.5 
(broad d, J=8 , 2, CH-O-CH), 6.41 (m, 2, OCH2), 6.87 
(m, 3 , HCO, NH) , 7.47 (m, 3 , N-CH2# H-2) , 8,95 (m, 
8,H-4, II-5, ( q i 2 ) 2 ) , 9.09 ( t , 3 , CH3) . 
Anal . Found: N/ 6 . 2 3 . 
C12H21N 03 r e < 3 u i r e s : N/ 6 . 16%. 
2~Carboxy-3 ,6 -oxa -O -cyc lohexenyl -N-(n~buty l )amide 
(101) 
A mix ture of 3 , 6 - o x a - e x o - l , 2 , 3 , 6 - t e t r a h y d r o -
p h t h a l i c anhydride 9_5 (2.4 g) and n-bu ty lamine (1.5 
ml) was d i s s o l v e d in dry benzene (25 ml) and allowed 
t o s t and a t room tempera tu re fo r 2 h r . Sol id appear~ 
ed was c o l l e c t e d by f i l t r a t i o n , c r y s t a l l i z e d from 
benzene p e t r o l , y i e l d 2.75 g (79%), mp 121-22°; 
i r , ) K B r 3245 (NH), 1712 (CONH), 1647 (COOH) cm"1; \r max 
nmr (pyr id ine) 3.77 ( t , 2, v i n y l i c H) / 4.59 ( s , 1, 
CH-0-), 4.92 ( s , 1, CH-0-), 6.82 (m, 2 , NCH2), 7 .1 
( s , 2, COHC-CHCO), 9.04 (m, 4, ( C H ^ g ) , 9.47 (m, 3, 
CH3). 
Ana l . Found: C, 60 .47 ; H, 7 .02 ; N, 5 . 5 5 . 
C12H17°4N r e c 3 u i r e s s c» 60 .25 ; H, 7 . 1 1 ; N, 5.85%. 
3 ,6 -0xa -exo-c i s -hexahydro -N- (d ie thy laminoe thy l ) 
ph tha l imide (102) 
A mix tu re of 96 (2.5 g) and d i e t h y l a m i n o e t h y l -
1 5 9 
amine (1.7 g) i n benzene (30 ml) was r e f luxed on 
steam b a t h fo r 1.5 h r . The s o l v e n t was concen t r a t ed 
t o dryness and chromatography of the r e s i d u e on 
s i l i c a g e l u s i n g benzene as e l u a n t fu rn i shed an o i l / 
y i e l d 3.88 g (98%); nmr (CDC13): 5.15 (m, 2 , HC-O-CH), 
6,57 ( t , J=7, 2, (CO)2NCH2)/ 7 . 1 (d, 2, COCH-CHCO), 
7.49 (q, J=7, 6, H2C-N- (CH2)2) , 8,29 (m, 4, (CH2)2) , 
9.05 ( t , J=7, 6, CH3/ q j 3 )« 
* Anal. Found: C, 63.47;. H, 8.29. ' 
C14H?9N90_ r e q u i r e s : C, 63 .14 ; H, 8.33%. 
BIOLOGICAL ACTIVITY 
The pharmacological evaluation of some of 
the selected compounds synthesized during the course 
of this work was carried out at the Division of 
Pharmacology, Central Drug Research Institute, while 
they were tested for their insecticidal, weedicidal 
and fungicidal activities by Gruppo Lepetlt, S.p.A., 
Milano, Italy. 
Of the compounds tested 99 showed activity 
as a fly larvicide, whereas 9_7 showed anti-cystitis? 
anticonvulsant, antidepressant, anti-platelet aggre-
gation and CNS stimulant activities. 
' The aromatic prostaglandin analogue B did not 
show any significant effect on isolated rat uterus, 
cardiovascular system of anaesthetized cats and in 
Konzett-Rossler preparation of guinea pig. It did 
not produce effect on the bronchial resistances upto 
a dose of 1 mg/kg i.v. and on the blood pressure 
or heart rate' in a dose range of 1-10 mg/kg i.v. 
There was no significant change on the blood pressure 
responses of acetylcholine, histamine, adrenaline 
and isoprenaline. Only at high doses of 5 to lo mg/kg 
l.v. relaxed the uterus for 8-10 minutes. 
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